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EXTENDED WEAR OPHTHALMIC LENS 



BACKGROUND OF THE INVENTION 
1 FIELD OF THE INVENTION 

^rcn Ltes ,0 contact lenses usefu, as extended-wea, — — 
2. DESCRIPTION OF THE RELATED ART 

A wide vane* o. research has been conduced in me «eld o. biocompa«e^,ymers. T„e 
A w,de vanev d ds on tne particular applicafon tor which me 

ItcTlenses a accompaWe lens may be generally de«ned as on. which -,n no. 
S^TdL* me surrounds ocular tissue and «-r »uid dun* me bm. penod ol 
ZZ. The phn.se -ophthalmic* compare" more applet, descnbes me 
biocompatibility requirements of ophthalmic lenses. 

™Hhiiav reouirement for contact lenses is that me lens must allow 
0ne ophthalmic corned * whton * sunken, for tong-term cornea, heanh. 

^ Ins mu"Z ^en from the surrounding * to reach me cornea because 
™* Is T^Z ^ *«» me blood supply *e othe, fcsue- » 
me T rL^ZZ^L. come., swelling occurs. Extended pehods of oxygen 
oxygen does noueach ^ ^ ^ ^ ^ ^ 

aepnvabon causes „ oxygen ^ easily circumvent me 

cornea. 

fhiiitv retirement for soft contact lenses is that the lens must 
A^er ophthaWc compa«* ^ - ^ ^ fc ^ remove ^ 

-*^^»*r ia 3 ^ or dispose,. However, me lens must also be 
ten5 from me eye tor J~ b— « *- - •» 

awe ,o m r:rmTJsXa - 1 «*. «* - - *- 

Tear flow between the lens ana eye 
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e p„hel,al ells, to be swept fron> beneath the lens and. ultimately, out of the tea, fluid. 
Cs a contact lens .us. no, adhere to ,he eye so strongly ma, adequate movement o, the 

lens on the eye is inhibited. 

Whi,e mere «* ngid gas permeable fRGP") contact lenses which have high oxygen 
^Lm 3"= ««* move on me eye. P.GP lenses are typically qu«e uncomfortable for 
Z consumer. Thus, sot, contact lenses are preferred by many consume, because of 

Lr, Moreover a contact lens which may be continuously worn far a penod of a day or 
"ttcltl. -»*. penods of sleeping, retires comfort levls which exclude RGP 
lenses as popular extended-wear candidates. 

,„ order to balance the ophthalmic compatJbilrty and consumer comfort requirements in 
Zoning a daily wear soft contact km. polymers and copolymers of a-hydroxyemyl 
nlaX (hU were devefcp*. These hydrophiiic pc*~rs move well on ft. eye 
££Z. oxygen permeabiir* for da,, «r. C^ain soft contact lenses have 
!l approved by me FDA for extended WMr periods of up to about 6 *h» of ov^flM 

ieles may result, a. a minimum, in cornea! swelling and development of surface blood 

vessels in the cornea. 

in order to improve oxygen permeability, polymers containing silicon, groups were 

Tvarietyof sHoxan^nttning polymers have t«n disclosed as hav^hrgh 
developed, van J ^ ^ ^ . ^ 490 . 3 

Z7£TZZ^ ^M,**^*^ 

^nt^rt lenses which adhere to the eye. inhibiting the necessary lens 

— ,ens of '* ids and 

polymers, formed from monomers such as HEMA. with m. «y 

°av.'be — — — - 
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, u a ith or because the lens would not move on the eye. 

tear fluid. 

OBJECTS AND SUMMARY OF THE INVENTION 

.j , having a balance of oxyoen permeability. 

« -..onmvide an ophthalmic lens capable of extended 
^er obiect of ^IL, subs»ntal adverse impact on ocufcr 

coninuous wear P""£-J^, preferabr, » provide a lens capable of continuous 

consumer comfort 

^ •« to omvide an ophthalmic lens capable of extended 
A^erobiectot— n££» ^^i corneal sw.»in 9 or 
continuous wear penods of at leasr 24h „, an6moas wear of 

.etano^ob^of^inv^-P-'---^-"'^' 
ophthalmic lens. 

— 

• n«on are met by the various embodiments descnbed 
Tnese and other objects of the .nvenbon are met by the 

herein. 

. ■ .„ nnhthalmic lens, suited to extended periods of wear 
On. embodiment C the inv,n**u . ^ ^ ^ a balance 

m cnunuous. Mmate contact ^ "»"* ** ^ 

of oxygen permeability and »n P*™"™ „„,,„„ durtng extended wear 

^ZX^ZZ" —* copolymer^, of ( a, a, leas, 
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na* 8 a high o^n oermeab,,^ - « ^. 
^h is capable o, f^^^^I^ £ oph—y compare 

the core polymeric material. 

7. » to render the surface more W« «" *e core. 

„- , invention is an ophthalmic W comprising a polymer material 
A U. e^men, * the ™n«on ^ ^ 

«Hch has a high o^en serial including (a) a. least « 

^ ^ TatX^sTo ~ sagmen, The .ens displays a trance o, 
cxyperm segment and (b) at taMto ^ ^ 

periods. 

.nvironmen, and H ^^ S^^ «~ "»* °" 

environment for a penod of at least 24 ho o( (e) nmmmg me 

heaR h or wearer comfort , ens; appiying me 

tons from me ocular env.ronm.nt <d> *s£«c» 9 ^ ^ ^ ^ 

— envtronmenf. ffl ^ ~ hou(s . ,„ . preferred ««— * « 
impad on corneal heatm or wearer comfort. 
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OUTLINE OF DESCRIPTION OF THE PREFERRED EMBODIMENTS 
I DEFINITION OF TERMS 

II. CORE POLYMER AND LENS 

A. Oxyperm polymerizable materials 

B. lonoperm polymerizable materials 

C. Weight ratio of oxyperm to ionoperm polymerizable materials 

D. Morphology 

E. Bulk Water Content 

F. ion and Water Permeability 

1 . lonoftux Ion Permeability Measurements 

2. lonoton Ion Permeability Measurements 

3. Hydrodell Water Permeability Measurements 

G. Oxygen Permeability and Transmissibility 

H. Mechanical On-eye Movement Parameters 

1 . Tensile Modulus and Short Relaxation Time 

2. Tangent Delta 

3. Parameter Combinations 

I. Examples of suitable materials 

1. Material "A" 

2. Material "B" 

3. Material "C" 

4. Material "D" 



III. 



OPHTHALMICALLY COMPATIBLE SURFACES 



IV. UTILITY 

A. Ophthalmic lenses 

B. Contact lenses 

V. METHODS OF USE AS EXTENDED-WEAR LENSES 

VI. METHODS OF MANUFACTURE OF LENSES 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One emPod.ment of the present invent is an ophthalm.caHy compare, transient .ens 
Id to emended periods of continuous contact wrt* ocu.ar tissue and tear flu.ds. A 

7 J^T^e^™* « *• inven *° n iS " extended - wear Vi5i ° n COrreCt ° n 
^ Id for ^ and comfortab.e .ong tern, wear v*hout remova.. .n order to properly 

terms will be defined at the outset. 
I. pFF1 umnM OF TERMS 

M -ophthalmic lens" . « used her.,n. rrfars to lenses which are P«=* * 

M eye or .ear fluid, sue* as comae, lenses for **n cordon (e.g.. sphencaUonc. 
^ c ntac, lenses for mention o, eye cc*r, ^ drug *~ 
«T, Lue protect devfces (e.g.. op^mic healing promo«ng lenses), an me 
P^culany preferred op^rnic .ens Is an ****** eonac, lens, esp*** 
extended-wear contact lenses for vision corrertion. 

A -polymerize material M li capable o. po^merSng to torn a ' 
o^Tperrnea*,«y-. as u»d herein, refers to roomers. Cgomers. macrons, and 
;T „d m^ures thereot. which are capah- o. porting w» H e or unUce 

herein as -oxyperm polymers". 

^ - 0W gen transmissible o. a lens, as used ha*. I. t. rate a, which o^gen win pass 
^onhthalmiclens. Oxygen transmissibility, DkA. is conventionally 

—.haav Ok of a lens material does not depend on lens thickness. 
The -oxygen permeab lr£ * . - • ^ , ^ ^ 

O^en pMHD > me ^ w „ de «„ed as: 
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These are the units commonly used in the art. Thus, in order to be consistent wrth the use 
in the art the unit "barrer" will have the mean.ngs as defined above. For example, a lens 
nav,ng a Dk of 90 barrers ("oxygen permeability barters') and a thickness of 90 m.crons 
(0.090 mm) would have a Dk/t of 100 barrers/mm ("oxygen transm.ssib.lity barrers /mm). 

A -nolymerizable materia, which is capable of polymerizing to form a polymer havtng a high 
ion^rmeability. as used herein, refers to monomers, oligomers, macromers. and the hke. 
Ind mixtures thereof, which are capable of polymerizing with like or unlike po.ymenzab.e 
rnateriais to form a polymer which displays a relatively high rate of ion or water permeate 
therethrough. For convenience of reference, these materials wil. be referred to here,n as 
^operm Umerizable matenals" and the resuttant poiymers wi.l be referred to here,n as 
•ionopemn polymers". 

A -macromer-, as used herein, refers to a porymerizable material which has a molecutor 
weight of at least about 800 grams/mol. The term ■macromer-. as used here.n. also 
encompasses oligomers. 

A -monomer-, as used herein refers to a polymerizable materia, which has a molecular 
weight of less than about 800 grams/mol. 

A "Dhase- as used herein, refers to a region of substantially uniform composition which is a 
distinct and physically separate portion of a heterogeneous polymeric matenal. However. 

JL not im* mat the materia, described is a chemidy pure substance. 
Z nTely that certain bulk properties differ significant* from the properties of another 
1Z ^Tme materia.. Thus. «h respect to the po*meric components of a ,n, an 
ZZntese refers to a region composed of essential* onhy ionoperm polymer (and 

rrin^ 

only oxyperm polymer. 

e „ h «P- as used herein, refers to a region of substantially uniform 

surface of an article. 

^ ♦■„, ,o US ohases" as used herein, refers to at least two regions, each of 
•Co-continuous phases .as ^.^ jQms a 
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ohthalmic lens having co-continuous phases of oxyperm polymer and ionoperm 
an ophthalm-c lens g continuous pathways extending from 

polymer will have two continuous pathways 
the inner surface of the lens to the outer surface of the lens. 

.Morpho,ogy- . as used herein, refers to the structure and relationsh.p of the phases of a 



material. 



« ..caH herein refers to a material or surface of a material 
. «*nrt Thus an ophthalmicalry compatible contact lens will not proauce y 

fx^U «■ « amounB ,ipi " adSOrP °° n ' " 

..therein relets to ocular fluids (e.g.. tear fluid) and ocular 
*°°*; "Ti r E£» in. ornate comae, w«h a contact M used * 

applications. 

•HydrophPicV.susedh^n.d.sc* teH* or *r»n there* w«ch^n— 

associate with water than with lipids. 

o. a lens as used herein, refers to the surface of the lens which faces 
T.e -outer surface of a en^ ^ ^ ^ ^ 

a «ay from the eye dunng „ ns ^ , nner suraKe - of a lens. » used 

m also be rrferred to m. to. ^ » ^ during ^ Tne inner 



of the lens. 
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«,S- as used he,e,n, re.ers .c a-metnac^oxypropynnsOnmethyls,^) si,ane^ which ,s 
presented by CAS No. 1 T096-07.0. The term TBS" a,so ,n=,udes d,mers 0, 3- 
metnacrytoxyprapyltnsltnmetnylsiloxylsilane. 

„m- „f a oolvmeric material (Including monomenc or macromenc materials), 
noted or unless testing conditions indicate otherwae. 
A. ^- fl—m P-lvm ""?""* M'tertals 

^yrnerizable materials include a wide rang, of materials when may be 
^£22 rtorm a po^er displaying a redely high oxygen diffusion rate 

^TZe'rm poKrmenzable materials include, without limitation thereto, srloxane- 

and monomers. fluon-»<ontaining macromers and monomers, and 
containing macromers and monome ^ The oxyperm macromer 

carton^arton triple bond-containing macromers and mononwrs. The oxype 
or monomer may also contain hydrophilic groups. 

Pierre, oxypem, powers are those formed ^ 

^ havina dialkvl siloxane groups, especially dimethyl siioxanes. are pa. 
TZ m n^rs are bLiy ref^ed » as *— > <** 

l^ing maimer may .so *«ude hydrop«c groups. 
ef su^e siloxane^n-ng macrons inCude. lim^on mereto. »e Matenals 
A, B. C. and D as described herein. 

extended we*. ^ „ , tesM ol oxygen deprive. ifsalso 
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i n nht wear) causes corneal swelling of about 11%. However, 
penod of about 8 .ours <^^J after wear of about 24 *urs. inc.ud.ng 

nom*. sleep penods, cornea, swell.ng exte nded-wear contact 

about 6%, and most ^^^^Ln^ sleep penods, cornea. 
"» - tTlHi -s than about 7%. and most preferably 

swelling of less than about 10%. mo P jn „ 

less than about 5%. Thus, the *«°» 6 °^™ from * e oute r surface to the inner 

a _nt s^ient ^J ^^Z abTe prope.es re*«ng to come, 

B . jong P»>vmeri7tthle Materials 

i- i^i.ida a wide range of materials which may be 

.on*- P*"—* ^'tnCt a redely «* *>° ~ mW6,hr0USh ' 

p^eraed to <orm • compel Tb.se -P-" 

^mon. me* ^ S .™» M ^ im lcn thereto, abates «l 

p^er^e rnateneis "^^°^ lamjd ,, ^^id.. a* ******** 

su eb as a-hydroxyoW r^r^S. 8Vm0; such as N-^nyl-a- 

^pX^-*- - Materials «. described be!ow. 
C. w-ight Ratios 

■ ~m,MMn.rizable materials may vary substantially. 

de pending on th. seeded pre)eral)ly , ratio ot oxyperm 

t0 ionopem-ma^ria, fading water) based on the otm. lens. 

abou t 60 to about 40. However. Mnvenl . ra , v In lens 

* be denned because "^r^^^ bavin, subsan«a»y only 
^caW.Pre.erably.me.x.^wejare 85 weigh, percent oxyperm 

ion6p erm and oxyperm mater* , «- ^ pp^ie 

poVnerizab,. materia, and on 10tal p^raa*. materia, weight. 
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em ^mer^le n— ana a» i. » 30 we*, P-cen, -perm 

.„,» ma tenals may be included in the mixture prior to 
A .de varies o. addfconal polymenza » «i -Is » 

added to improve a mmonium, s*»s may be added to 
po^nen^e materia ^ ionoperm monomers or macromers 

m icrobial grow* on ft. lens ™«na ^ ^ oxyg ,„ and 

and oxypenm pebble « Ar especially advamag eous polymery 



modulus of elasticity. 



oxy perm macr=mer. (b) about » » «0«W J. ^ ^ Mofe preferably . 
mixture weight. 

agent based ^ i ^ percent crcss- 

ft. prex^on mMur , ^ Even more pr***. 

U agent. b~d =n no crossing >" a P-*-» 

agent. 

_ nnivmerizable materials, ionoperm 

pdynrt** materials. M ^.^specfficweigm -volume p^rcenmgee 
invention. However. « no, n»s. c*cal factors to 

ot o^vperm «d ^ J^^e*** lens. More important the «. 
c on*de, in preparing a ^^ Md oMy . movement «. su^en, oxygen 
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D. unrpholoqv 



, mat p nfl i is that the lens allow a high visible light transmission 
0n e recrement of the lens matena s at the ^ 

from *r ■« - ^^-^ - Le - undesirawe 



image distortion. 



. ^ lAns material has at least two phases: the phases 
ln ^ preferred ^^^"..as. one ionoperm phase. Whiie mere may 
'"^"di^'n^es ^Wi^ tna there may be a transition phase, or interphase, in 

"rr^» mP os*on and the matartat proper** are a «.nd o. *ose - 
wnKft the matenal compos ^ m ^ or 

0 ^rm and ^^^^Iperm phase or a - — 
I*"* °' ""ur, or Hand o, oxyperm and fcnoperm 

^ te about -1 1 5- Caisius (minus , 1 5 degree Ceisius). 

— *nd tenoDerm phases, rather than a complete blend of 
™ erfstence o, — ^^^^^ ,n pro^ng « dfluston 

„ oxygen and ton.. ^'^'T" P a ^ Simiany. ions will 

«. fcnoperm porter r^£Z» P*-» ' 

dWuS e we» trough m. »nop«m J^ penrt - lon operrn phase wil, 

resjstan =e to ion ^ J^°™ ^ ^ioTle two sepan*. o*perm and 
undesirabte resistance to M. tor „ ^ 0 «ygen and 

tonop erm phases has a pa»wa, or ser*s o. pamways 

tons „, water. Thus. th. *- - o( wemrough . and an 
from outer surface to ft. « surface Qn 0) ^ „ tons 
^ogcus con^us pa*way or sen* of ^»» ^ 

^rJsaT^nhe.een.hetroht.nd.secu.esot.et.ns. 
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E p..n, water Content 

The measurement of water content is difficult because the removal of adhered surface 
droplets without affecting the bulk lens water content, is difficult. In addition, water may 
evaporate from the lens surface quickly, thereby lowering the water content from the 
eoui.ibnum level. Accordingly, a discussion of the bolk water content of a lens warrants a 
discussion of the measurement technique used to determine the water content 

The preferred bulk water content of the hydrated lens will be a function of the lens materia, 
oroperties The material properties are dependent on the prepolymerization macromers and 
monomers and potymerization conditions. Thus, the preferred water content for a lens 
including a fluonne-containing oxyperm material may be different from that of a lens 
including a siloxane-containing oxyperm material. Accordingly, while general ranges for 
bulk water content are offered for a better understanding of the invention, the invention is 
not generally limited to specific bulk water contents. 

One method of measuring the water content of a lens formed in accordance with the 
oresent invention, referred to herein as the - Bulk Technique", is as fo..ows. First the lens » 
Loughly hydrated in a physiological saline solution, such that the water in me tens ,s rr 
^Librium wim the surrounding water. Next the .ens is gentiy blotted between two hnt-free 
Totting doms to remove surface mo^re. The lens * quick* placed on an aium.num 
weighing pan and the first wet weight. W, is measured. Next, the alurranum pan vk*. ens 
Tlced L oven at 36'C for a period of at .east 24 hours. After heat treating, the pan 

,ens is removed, pfcced in a desiccator, and al.owed to coo. to room 
^bout 22-C) The pan with .ens is weighed again to determine the dry we,ght. W* The 
L is re-equilibrated in physiotogfca. saline solution and a second wet weight W, * 
detelned hereon. The wet weights (W, and W4 are averaged to yie.d an average wet 
weight. W- The bu.k water content is determined by the foUowing equation: 

Percent water content = (W. - W<) / W w x100 

, im. bulk water content, determined by the • Bulk Technique', is .ess than about 
A purred ^J^^. *" *» has a water content of about 1 0 to 30 weight 

15 to about 25 weight percent. 
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F. 1— -nrf Wale ' P«rmMbllltv 

unexpected*. * has been de.erm.ned that .he ion permeability though .he (ens con-eK.es 
^ w^on-Ive movent. As discussed earlier. « is Known .a, on.ye mov.me*o. ft. 
£1 require, .o ensure good tear exchange, and uttma.ely. to ensure good cornea 

me invent * no, bound by meory presents herein, . may be use M .0 
d^cuss some <heo* tor a better understanding of ways to practte me .nvenbon. 

, s theorized ma. water permeabili* is an .xc.p*>naJly important MM. tor an extended- 

1^** incudes oxyperm poiymers such as those disdosed h^n. Siloxane- 
^ngCrm ma..ha.s .end to adhere s»ng* * m. eye. mere* stopping on-«. 

Zt TnTabilKy to pass water through me lens is beiieved to allow a siloxane- 
^itpZ^ens to move on me eye. w*ere ft. movement oaurs *a forces 

ZZL i" Vanishing lens water contont onoe pressure is rcmoved. Furth. 

ZZ^Z* of tons * bel*~d » be <M* Phonal .o ft. p.rmeab,«y o. water. 
Thus, ion permeability is a predictor of on-eye movement 

However regardless of whemer .he water permeability theory » a correc. understanding of 
~ . o^ve movement phenomenon, it has been unexpectedly found ma. above a 
~ ^SZ££m*m «~9h a ►»* from me fcner surface of me lens to 

.Il^e^ high oxygen permed (and assoctted high bin*g 
n is believed ma. mis b by provide a p,ura«y of 

k ,h be noted ma. ions may move mrough me lens via mese Ion pathways by a number 
„ should be noted ma ,ons y o| 

o, means. For " ^ „ forced through the ion pathways 

dmere^es *om one su*ce« „ ^ OT „ tens 

* „ mechanical acton of ,n addMon. me charge nature of the surfaces 

essen** squeezing "-^^Tj^, ion ^ uvoughma lens. At times. 
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magnitude may reverse Th,s d.scuss.on is presented to Canty that the ,nvent,on .s not 
restncted by the method or driving force by which ,ons move through the lens. 

Neither the measurement of water permeability nor ion permeability through an ophthalm-c 
,ens is considered a routine matter of testing in the industry. Accordingly, a discuss.on of 
the preferred ion or water permeability ranges warrants a discussion of the measurement 
techniques used to determine the permeability. 

The water permeability of a lens may be determined from the rate of water permeation 
through the .ens. from one surface to another surface. The water permeabi.ity of a lens 
rnay be determined by positioning a .ens between two reservoirs ho.ding so.utions having 
known and drfferent. initial concentrations of radiolabeled water (e.g.. thtiated water), and 
then measuring concentration of radiolabeled water in the 'receiving- reservoir (the reserve, 
towards which the net flow of radiolabeled water is positive) as a funct.on of time. 

The relative ion permeability of a lens may be determined from the rate of ion permeation 
through the lens, from one surface to another surface. The rate of ion permeation may be 
determined by positioning a lens between two reservoirs holding solutions having known, 
and different, initial ion concentrations, and then measuring conductivity in the -receding 
reservoir (the reservoir towards which the net flow of ions is positive) as a function of time. 
The concentration of ions, such as sodium, can be measured accurately using a pH I meter 
and an ion-selective electrode. Ions are believed to be transmitted through a lens, from 
inner to outer surfaces and vice versa, primarily by the diffusion of ions through water 
^Zys in ft. lens, .on permeabil* ftrcugh a lens * believed to be direct proportional 
to water permeability through a lens. 

1 \ — fl " v Maasu™™* Technique 

ThefoHowing technique, referred to herein as .he M. Technique . . a pre.."* 
™*od .or determining ft. ion permeaMty of . lens. This technique may be used to 
determine the likelihood of adequate on-eye movement. 

., onoBux TechnkI ue- involves the use of a conductometer (LF 2000/C. catalog no. 

wift . temperature sensor (LP 0,/T. catalog no. 30 2 5*0. « 
containing a sal. solufcn. , receUng chamber coning about 60 ml o. 
deionized water, a stir bar and a thermostat. 
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rhflmber is SP ec, a ily des.gned for seal-ng a contact lens thereto, so that the 

T " d ° n0 iZ ZZ n" ^ Ind *. ,ens ions may on!y pass through the lens). 
don or solution doe ot pa^ ^ ^ ^ ^ ^ |g 

T " ^Z^^ - g,ass tube inches a cen^y .ocated hole of 
immersed ,n the rece Mng so ^ ^ ^ ho(ds a , ens . 

^ 9 CT^'^il^ .coated ho,e of about B mm in diameter. The 
re ™ mgme "^u6es a ma.e portion adapted to mate wtth and seaJ the edges of 

me edges of the outer (convex) surface of a lens. 

, < ,„ be measured is placed in the lens-retaining member, between the male and 
T*T Cnl L temal. portons indud. flexible sealing nogs 
,6 HtLeTm. k*s and the respective male or female portion. A*.r posit.on.no 

^rr;— ibe,^— 

tne lens in me donor ^ donor 

— ™~l■===;====-"' , " 

Finalry. the donor chamber is immersed in the receiving chamber. 

, h,,^ are taken every 20 minutes for about three hours, starting 10 

u D«-n'/(Axdc/dx) 
where n' = rate of ion transport [mol/min] 

A = area of lens exposed (mm*) 

D = lonoflux Diffusion Coefficient(mm 2 /min] 

dc = concentration difference [mol/t] 

dx = thickness of lens Imm] 

. fhan about 6 4x10" mm 2 /min is preferred for 
achieving sufficient o eye ^ me |onoflu> „ 
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lonofiux Diffusion Coefficient correlates with .on permeab.i.ty through the lens, and thereby 
IS a predictor of on-eye movement. 

2 innnton Measurement T echnique 

The following techn,que. referred to herein as the "lonoton Technique", is another preferred 
method for determining the relative ion permeability of a lens. The technique is cased on 
measurement of the diffusion of sodium chloride through a lens. 

The "lonoton Technique" involves the use of a pH meter (Beckman, VWR catalog no. 
BK123142) a VSC-1 Diffusion Cell Drive Console (Crown-Bio. Somerville. NJ), a DCB- 
1008 Diffusion Cell (Crown-Bio), and a 6 cm sodium ion-specific electrode (Microelec- 
tronics Londonderry, NH. catalog no. MM14P). The technique is not limrted to the 
aforementioned instruments or materials; equivalent instruments or materials may be used. 

Rrst a contact lens is mounted onto an orifice of the DCB-1 00B cel. chamber, the donor 
chamber Next, the connecting cell chamber (receptor chamber) is placed against the cell 
chamber containing the contact lens and tightly clamped on the Camp holder supplied wrth 
the VSC-1 Drive Console. Then, a phosphate-buffered saline (PBS. Mediatech catalog no^ 
21 431 -LV) is placed into the receptor side of the cell chamber. Stir bars are added to each 
ce «. chamber. The 6 cm electrode is placed into the PBS saline receptor side. After the 
electrode has equilibrated in the PBS saline, the pH meter « placed in the mV functor, to 
establish the 0 mV point PBS which has been saturated with sodium chloride ,s added to 
the donor chamber. 

~*~a «♦ c m 15 30 60 120, and 180 minute intervals. The 
The millivolt s gnal is recorded at 5, 10, lb, au. ou, «■ 

Llo signal s converted to a sodium ion concentration by a standard curve of sod.um ,on 
JZr ! Jon vs. millrvoK sign*. The ionoton .on Permeability Coeffiden, P. ,s then 

determined in accordance with the following equation: 

ln(1-2C(t)/C(0)) = -2APt/Vd 



where: 



C(l) = concentration of sodium ions at time t in the receiving cell 

C(0) = initial concentration of sodium ions in donor cell 

A = membrane area. i.e.. lens area exposed to cells 

V= volume of cell compartment (3.0 ml) 

d= average lens thickness in the area exposed 

P = permeability coefficient 
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rafle th.ckness of the lens in the exposed test area may be deterged by 
The average th.ckness o low .pressure th.ckness- 

predictor of on-eye movement. 

3 msm m ,, ^V^ ss the -Hydrode!, Technique-. » a protend 
determine the likelihood of adequate on-eye movement 

[eve a any M in me system dun^ estn*™ ^ , Ngh 

^ich are strred a. a ^^^'.^g cha mber-. contain, an Kenfca, 
concentration ol labeled solute. Chamber II. the rec g ^ ^ 

aken at intervals over the test penod Jh „, ^ tme s. the 

^rr^rrr:^ 

of the Hydrodell Technique follows. 

a. Solu tion Preparati on dissolving, sequentially. 

Dulbecco's phosphate ^^J^J^^J. chloride |KC«. about 8 
about 160 g solium chlorid. (Nad), a^ 4jW m 

gramsdisodiumhydroo.^ 
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amounts o, HCI. Finally, the bu*er solution « d.lutsd ,o 1:20 ,50 m, bu«er so,u„on w,,h 950 
Xeverse^smos* water, and allowed to degas e,,her ,n a scrapped conta,ner 
overnight or under vacuum. 

A cold Glucose butter soMon is prepared by add,ng about 0.1 grams D-glucose to one Iter 

JS£ Two** * " — " a 02 miUipore m " " d 550,89 



4°C until use. 



th Chamber, so.ution is pre^^^ 

rrr": «- *. NSW « ^ . , 

Cucose On ethar*.. available from Amersham Austra.ia) to about 12 m. of th. Co.d 
Grease buffer so.ution. Preferab.y, this so.ution is used within about 24 hours of 
preparation. The Chamber II solution is DPBS. 

h ADoaratysPreparation 

Z I ^exact shape <* the *amb«s is no. ofe* both chambers have rector 

r^ons for ease of oons^ucton. Th, chambers may be made from a 
^ id mateha,, preterm dear ,e,.. ac*ic Pla.es. 

cinTlaXeJe o. abou. 7 rhm d*m«.r appropriate tor moving a lens b*~. •» 
r^r fo Tc=n B C «h sotutons he* * me chamber, Some at^ng means, such 

trie lens mounted in between. 

zzzzz z?zzz*~~* — 

using mounting bolts. 

, . • rhflmbe r II About 12 ml of the Chamber I labeled 
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Ln^neraiiy suns a, *. , - 6 ^ The fi na, sample «me. u ,s u-Jjr - 
^ 50 lu.es for high water conten, ienses ah, about , 20 m,utes for low wa..r 
comeht lenses, although these times are not meal. 

minutes, two samples ot about 0.2 ml volume are pipetted from Chamber I. 
At tme t. - S nmnut . ^ ( ^ ^ vdume ^ 

^e Tom P^r d Co.. MehCn. Conned, an, about 0, m, DPBS. 

Mmflta n{ -^ut ! o ml volume is pipetted from Chamber II and one 1 .0 

TpJic counting tube with about 4 ml Utbma Gold'" cocMail. 

« ^^Iha every10minutes),onesampleofabout1.0ml 
" W ^;^mtX^o™ 1 .0 m, al*uo« * DPBS * add* ,0 Chamber „ 

rst^irr^is^-a^c^^*-- 

Ultima Gold™ cocktail. 

. K^yri «mnies of about 0.2 ml volume are pipetted from Chamber I. These 

about 0.9 ml DPBS. 

, < aKmit 1 o ml volume are pipetted from Chamber II. These 

appropriate tec.n, q ue.Uqu^^ 
by using protocol number 6 for *H/ C on a . r. 
available from Packard Instrument Co.). 

^ a t« 10 s com THO in reversed-osmosis (MilliQ) water 
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The sc,nt,a,cn ana.yzer sett.ngs are LLA = 0 KeV and ULA KeV for >H f1") 
l and LLB -12 KeV and ULB = 156 KeV for "C C21 in channel 2. The standards and 
Ink are counted three t.mes during each count.ng of samples, and the counts are 
averaged The following denote the relevant measured sample acfvrties: 
bl = measured activity of blank sample in channel 1 
= measured activity of blank sample in channel 2 
S',, = measured activity of standard 3 H sample in channel 1 
S' 12 = measured activity of standard U C sample in channel 2 
S'* = measured activity of standard 3 H sample in channel 1 
= measured activity of standard ,4 C sample in channel 2 
v, = measured activity of test sample (both 3 H and "Q in channel 1 
y2= measured activity of test sample (both 3 H and "Q in channel 2 

a w -. trr prrr" aghilit Y Calculation . 
n j^ic^elaauaiac^ erf a sample, the measured - « ««-• 

C »„d "C must first be corrected tc remove the contamination error due to the 
1. c. o. bot isotopes in one samp,, ^hou, exp^ng ft. ***** *™~» . 

is otfcred as an exam*, o, on. o, «— . 
water permeability from the above measurements: 

(1) Calculate S,, S„, Sr. and S», from the following equations: 
Sn = S'n - bi 
S« = S'u - bi 
Sj, s S'r - b» 



(2) 



Calculate a„ and a„ from the following equations: 
3i2 = S12 / S» 
an = Sji / Su 

» ♦ ~« 3 w r-n and 14 C T2T from the following 
(3) calculate corrected concentrations of HH") ana ^ 

equations: 

c 2 = ((yrb2)-a2, (yrbOl/O-a^a^V 



where 



V is the volume of the test sample. 
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(4) Calculate water permeability fo- an interval Com t, 10 I, as follows: 
p = V, (c,(U-C,(U] / A(CrC,)(t,-U 

Here V is the volume of Chamber II. aM " »• concentration of 'H In Chamber II a. M 
n« , J -o c.ntra,on of «H In Chamber „ a, «m. ,,. A Is ,he area of lens exposure, o 
* me averlge cone— of -H In Chamber I over me time penod ,, ,o „ and c is M 
average oonoentration of 'H in Chamber II over me time period t, to t,. 

Z ^ x ,0* cmV.ec. Th. ophthatm, len... in a — ^ 
metTeln have HydrodeH Water PermeabiKy (MUM of greater man about 0.4 x ,0 

cm 2 /sec. 

]rr T^cmiMlbllttyr"* Permeability 

J^LZZmt oxygen to permeate through the l.n. to th. cornea to sustain 
„ i"-*'^* .JT-Mn, .n mad. q uat. an»un« of oxygen *. that 
he3 t °^ 7. p^Ld embodiment, the oxygen transmit * m. pr««« 

from occurring. 

, • .one material will have an oxygen transmissions DkA. of at least 70 
A ^erred oph^c^ns * ^ m]> ^ preferably at ,east 

(cm 3 oxygen)(mm)/mm-cm x (sec/mm ng; * 
!Tbant/mm. and most P^atleasteT barrers/mm. 
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21% , . passe. ^ « t ^^01 lens a, a rate - — 1 - *° 
n ,rogen stream * P-* on - °°<^ p * measured me 

OT 3, mn . The barometn „, , esUng „ determ ,„ed b, measunng 

thickness (t) of the lens * »»- " * insmjment . an d averaging 

m TTL llfclasured using «. DK1000 NMi ™ oxygen 

D% = Jt/(P 0 )cygen) 

where J = oxygen «ux t— * °^™™^ ,„ „ OTam) lrm , H 9l 
P «n = (Pmeasured • p water vapor' x ^ 2 
T! ^essureo-o^eninmea-stTwrn 

- , c barometric pressure |mm Hgl 

^measured ^ ^ ^ (m a dty , mro „,] 

pTH-«™ H 9" ,34 * o0nawete, " ) ImroHal , mml 

. ^^Knessof^eiensovermeexpos-^areaW 

„W. D, is ex^essed munss of b«» 

ie [(cc oxygen)(mm)/cm2lx [sec/mm Hg]x 10 . 

H . HsehjnlcjdO^ 

h. nredided from the mechanical properties of a lens, the 
On-eye movement of a m* m » M mechantea , ponies and ion or 

, . TiBSifcJSsa^^ wra „, ermine mechanical 

L'ng includes the following steps: 
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2 ' _ ^rinn nf about 24 hours before testing. 

at ambient temperature (about 23-C). 

bv aDDlving a strain rate of about 100% per minute to 

differing strain rates. 

—r:^-—-— 7 

tocated in Burlington, Vermont 

matena E(t) = Eo ♦ E,exp(-tAi) ♦ E««P(-tfe) 

(for examt*e. ^ ^ ^ + + ^(-tAJ 

in order to obtain ft. stress relaxrfon parameters y 0 . t, A, t, «d A, 

• ad that the tensile modulus (modu.us of elasticity. E) and the short 

zxr^^~~~~- 

about 0.5 to about 1.5 MPa. 
about 4.5 seconds. 
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fen^S« evaluated by dynamic mechanical anaiyss (DMA) memods. It has 
determined that a factor known as tan 6 (i.e.. tangen, « a,sc M . 

„ >»i .oss factor correlates well with on-eye movement It has been observed mat 
rmTe^r^e on the eye exhibit a dis«„ct increase in tan > w*h increas*, 

from about 0 1 to 1 0 Hz when these materials are tested by dynamic mechanical 
^ of a ^ lens matena, is abo,. about 0.2 a, 0, Hz and incases 

preyed, while a tan 6 of about 0.5 or greater a, to Hz is even more preterr*. 

DMA measurements may be determined in accordance with the tallowing procedure. A disk 
nlTa e alving a dimeter of about 3.0 mm and a thickness of about 0.50 mm ,s 

set to a compr reS oonse. The amplitude of compression is about 2 to 4 

0.1 , about 1 , and about 10 Hz. 

3 ' T^^. ™— of the »ns c* the eye. on. may select mateha* 
In order to assure approona ^^^^^ , p,,,.^ group 

of extended m. » ^ ^ aBolfl 4 , nds , „, 

2 tTnlx Oft*. Coef**nt greater than about M x ,0* mm /m,n. 
,. f - r - r i-« of Sultf M«teri»l» 

1 ' """^ "rlt of a suitable core material of the pr«ent ophthalmic ienses is . 
One embodiment of ^ ^ msHmtt components: 

f ° mlUla CP .pAO-DU-ALK-PDMS-ALK-DU-PA(>CP 
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where PDMS is a divalent poly(disub S t,tuted siloxane). 

L< is an alkylene or kytonoxy group ha.ng at least 3 carbon atoms. 

DU is a diuretnane-containing group, 

PAO is a divalent polyoxyalkylene, and 

(c) about 1 to about 30 weigh, percent o. an achate or mtfhac^e monomer, and 
mi o to 5 weight percent cross-linking agent 

A preferred polite*., macromer segment is defined by the formula 

CP-PAO-DU-ALK-PDMS-ALK-DU-PAOCP 

!! l^an. Zp * bonded to the terminal carbon on the PAO group; 

■ tru ^H«-0-UCH 9 CH 9 - where m may range from aDoux 
polyethylene oxide, i.e.. (-Cr^-Cr^-o-Jm^^ 

about 44. more preferably about 4 to about 24; 

SXTT^^ -CH.CH.CHW, group or an e*o W ropo* grou, 
(e.g..-0(C"2)2^ > -( CH 2 ) 3" > - 

M mat the DU group oan be formed from . «id. variety of diSocyana.es or 

tn,socvana.e . ^ d „ socyana , e , 1.2- 

^^.s include. ^ ^ ,, MSs ocyana.ohexane ; 1* 

aisocyan^propane; 1 ^ ;*Xl^oh.x»»; i.^.ocyanatob.nzen.. b,(4- 

isocyanator^lohe)cy1)rnethane^tw( ocy ; ^ ^ 

BOcyanatophenyDmethane, 1.2- ano 



WO 96/31792 



- 27 



dilS ocyanatobiphenyl: tris(4,socyanatophenyi)methane; 1 .5-diisocyanatonaphthalene, 
hydrogenated toluene d.isocyanate; 1 -isocyanatomethyl-5-.socyanato-i .3.3- 
Jmethylcydohexane (i.e.. isophoronediisocyanate); ^.S-tris^.socyanatohe^) b-uret: 
1 6 Kliisocyanato-2.2.4-(2,4.4)-tnmethylhexane; 2 .2'-diisocyanatodiethyl tumarate; 1.5- 
diisocyanato-1 -carboxypentane; 1 .2, 1 .3-, 1 .6, 1 .7-, 1 .8, 2.7- and 2.3- 
diisocyanatonaphthalene; 2.4- and 2.7-diisocyanato-l-methylnaphtha.ene; 

diisocyanatomethy^^ 

diisocyanatobiphenyl; A/'-diisocyanato-S.S^imethoxybisphenyl; 3.3 - and 4.4 - 
diisocvanato-2.2'-dimethy1bisphenyl; bis(4-isocyanatophenyl) ethane; b«s(4- 

^atopben^ ether); 1.2- or 1.4-to,ene diisocyanate; and mixtures thereof. Pref*ab.y 
D^formL from isophorone diisocyanate or to.uene diisocyanate. and more preferably, 
isophorone diisocyanate. where one isomeric diurethane structure of isophorone 
diisocyanate is defined above. 

A preferred Material A macromer segment has the following formula: 



o oo 

Ri H^R^— n2o— R, rEoF^oL— B 7 — NCC— R 5 OR 3 -hSiO-t-S^- 



H H H L R 1-J n 



R 1 



0 jj jj 

- R4 OR 6 -ocr r R 8 -fH!io3r R i^ oc p R --- OC "- R ^ 



H 



r^lene and preferabiy, where the « number « carton atoms in R, and R,. or * and 

cvcloalkylene; 

„ q a „HR, are Ci-Cjalkylene. preferably C,alkylene. 

R^and B-« « ^ Pre,Wably ^ " keny ' ene; 
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m and p. independently of one another, may range from about 3 to about 44, more 
preferably about 4 to about 24; and 

n may range from about 13 to about 80. more preferably, about 20 to about 50, and even 
more preferably about 24 to about 30. 

The polysiloxane macromer may be synthesized by the following preferred process. At 
about room temperature (about 20-25 8 C). poly(dimethylsiloxane) dialkanol having hydroxy- 
alkyl (e g hydroxy-sec-butyl) or hydroxyalkoxy (e.g.. hydroxyethylpropoxy) end groups and 
having a molecular weight of about 2000 to 3000 (preferably about 2200. i.e.. having about 
28 repeating siloxane groups) is reacted with isophorone diisocyanate at about a 1 :2 molar 
ratio using about 0.2 weight percent (based on polydimethylsiloxane) dibutyttin dilaurate 
added as a catalyst. The reaction is carried out for about 36 to 60 hours. To this mixture is 
added polyethylene glycol) having a molecular weight of about 400 to 1 200 (more 
preferably about 500 to 700) at about a 2:1 or 2.1:1 molar ratio with respect to the PDMS. 
about 0.4 to 0.5 weight percent dibutyttin dilaurate (based on polyethylene glycol weight), 
and chloroform sufficient to ensure substantial mixture homogeneity. The mixture is 
agitated for about 1 2 to 1 8 hours, then held at a temperature of about 44 to 48'C for about 
6 to 10 hours. Excess chloroform is evaporated therefrom at about room temperature to 
produce a composition having about 50 weight percent solids. Then, isocyanatoethyl 
methacrylate is added to the mixture in about a 2:1 to 2.3:1 molar ratio with respect to 
PDMS The mixture is agitated at room temperature for about 15 to 20 hours. The resulting 
solution contains a polysiloxane macromer having the composition described above and a 
number-average molecular weight of about 2000 to 10.000. more preferably about 3000 to 

5000. 

An advantageous polymeric material formed from the Material A macromer of the present 
invention is a copolymer of the aforementioned Material A macromer; an acrylated or 
metnacrylated siloxane monomer, preferably methacryloxypropyttris (trimethylsHoxy) s.lane 
(referred to herein as W); a hydrophilic monomer, preferably 2-hydroxyethy. methacrylate 
HEMAV and preferably, a cross-linking agent such as ethylene glycol dimethacrylate 
UdMA). The final copolymer composition includes about 1 0 to 90. preferably 70 to 90. 
weight percent polysHoxane macromer; about 5 to 60. preferably about 8 to 20. we.ght 
IrL snoxane monomer about 1 to 30. preferabhy about 1 to 5. weight percent achate 
r^Lvlate monomer, and 0 to about 5. prelerab* up to about 2 weight percent cross- 
.inkinq agent (e.g.. EG DMA) based on a total dry copolymer weight. A more preferred 
Z^LL* about 80 to 84 po^oxane macromer. about 12 to 15 weight percent 
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TRIS. about 3 to about 4 weight percent 2-hydroxyethyl methacrylate. and about 0.7 to 
about 1 .2 weight percent ethylene glycol dimethacrylate. 

The advantageous copolymers of the present invention may be formed from the prev.ous.y- 
described po.ysi.oxane macromer in the following manner. A monomeric so.ution » formed 
bv adding Tris HEMA, DAROCUR® 1 173 (a photoinitator available from C.ba-Qe.gy 
Corporation), and optiona.lv. EGDMA to the po.ysi.oxane macromer solution. The resu.t.ng 
p 0ly mer precursor so.uton preferab.y contains about 83 to about 95 weight percent ^ 

macromer so.uton; about 5 to about 1 0 weight percent Tns. about 0^5 to about 
Tight percent HEMA. about 0.1 to about 1 .0 weight percent DAROCUR® 1 173. and 
about 0 1 to about 1 .0 weight percent EGDMA. More preferably, the monomer so.ut.on 
contains about 87 to about 93 weight percent polysiloxane macromer solubon. about 7 to 
about 8 weight percent Tris. about 2 to about 4 weight percent HEMA. about 0.3 to .bout 
0 7 weight percent DAROCUR® 1 173. and about 0.3 to about 0.7 weight percent EGDMA. 
The monomer solution is preferably agitated for about 8 to about 24 hours prior to the 
polymerization step. 

Contact lenses may be prepared from .he monomer solution by applying the monomer 
Z*» to appropriate lens mo,ds and anting sufficient unraviolet (UV) rad,a«on to ,n*a.e 
°2L«on The ufcaviole. light may be applied tor a perfcd o, a few minutes to about 5 
hours depending on the intensity of light applied. Subsequent to polymerization . the 
contact lens may be exacted with a solvent, e.g.. fcopropanol. to remove unreacted 



monomers. 



Thus general*, one embodiment of the present invention * a memod of forming a molded 
XneTarJ* su*ab.e tor ophmaimic aprons (especial, , contact lens). ,nclud,ng 

CcorX a po W di^-„ diafcano, *th a diisocyanat. compound in,, 
presence o. a «rs. Lfys, a. cordons sufficient to cause reaction o, s*d d,a, k ano, vrfh 

•a ^licnrvanate thereby forming a first mixture; 
^ " 7££ - « ^r. w* polygene *c* a second 

mixture containing a polysiloxane macromer; 
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(e) adding to said fourth mixture 3-methacryloxypropyltris(tnmethy1siloxy)silane 
(TR1S). a hydrophilic monomer, a cross-linking agent and a photomitiator, thereby forming a 

fifth mixture; 

(f) placing said fifth mixture into a mold; and 

(g) applying sufficient radiation to copolymerize said monomers, thereby forming 
said polymeric material into a molded polymeric article. 

The hydrophilic copolymers of the present invention are especially advantageous in the 
formation of 'soft' contact lenses. In the use of the copolymers in the contact lens field, the 
lenses have a water content of about 1 0 to about 50 weight percent, more preferably about 
10 to about 30 weight percent, and most preferably about 15 to about 22 weight percent, 
based on total hydrophilic polymer weight. Preferably, the fully-hydrated contact lens has 
an oxygen transmissibility PrA) of greater than 70 barrers/mm (i.e.. [(cc oxygen) (mm)/cm ] 
x [sec/mm Hg] x lO' 10 ). more preferably greater than about 75 barrers/mm. and most 
preferably greater than about 87 barrers/mm. 

2. Material "B" (Polysiloxane-comprising perfluoroalkyl ethers; 
The Material "B" macromer is defined by formula (I): 

Pi-{Y)m-(L-X,)p-Q-(X,-L)p-(Y) m -P, (I) 

where each P1 . independently of the others, is a free-radical-polymerizable group; 
each Y independently of the others, is -CONHCOO-. -CONHCONH, -OCONHCO, 
-NHCONHCO-, -NHCO-. -CONH, -NHCONH, -COO, -OCO, -NHCOO- or -OCONH-; 
m and p. independently of one another, are 0 or 1 ; 

each L independently of the others, is a divalent radical of an organic compound havtng up 
to 20 carbon atoms; 

each X,. independently of the others, is -NHCO, -CONH, -NHCONH, -COO, -OCO, 
-NHCOO- or -OCONH-; and 

Q is a bivalent polymer fragment consisting of the segments: 

(a) .(E) 11 .Z-CFr(OCF a ),-(OCF 2 CF a ) y -OCFrZ-(E) k -. 

where x+y is a number in the range of 10 to 30; 
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each Z. independently of the others, is a divalent radical having up to 12 carbon atoms or Z 
is a bond; 

each E. independently of the others, is -(OCHjCHJ,-. where q has a value of from 0 to 2, 
and where the link -Z-E- represents the sequence -Z-<OCH 2 CH,) q .; and 
k is 0 or 1 ; 

r, r ^ 

I I 

KX — AJk— Si-i-O— Si-^Alk 

b) i 



where n is an integer from 5 to 100; 

Alk is alkylene having up to 20 carbon atoms; 

80-1 00% of the radicals R„ R a , Ro and R*. independently of one another, are alkyl and 
0-20% of the radicals R„ R 2 , R3 and FU. independently of one another, are alkenyl. aryl or 
cyanoalkyi; and 

(c) XrR-Xa. 

where R is a divalent organic radical having up to 20 carbon atoms, and 

each X* independently of the others, is -NHCO-. -CONH-, -NHCONH-, -COO-. -OCO-. - 

NHCOO- or OCONH-; 

with the provisos that there must be at least one of each segment (a), (b). and (c) « Q. that 
each segment (a) or (b) has a segment (c) attached to it. and that each segment (c) has a 
segment (a) or (b) attached to it 

The number of segments (b) in the pofymer fragment Q is preferably greater than or equal 
to the number of segments (a). The ratio between the number of segments (a) and (b) .n 
the polymer fragment Q is preferably 3:4. 2:3. 1:2 or 1:1. The mo«ar ratio between the 
number of segments (a) and (b) in the polymer fragment Q is more preferably 2:3. 1:2 or 

1:1. 

TO e mean molecular weight of the pofymer fragment Q is in the range ol about 1 000 to 
about 20000, preferably in the rang. o. about 3000 to about 1 5000. particular* preferably 
in the range of about 5000 to about 12000. 

Tne totai number of segments (a) and (b) in me potymer fragment O is preferably in the 
^0.2 to about 1 1 . particular preferably in the rang, of 2 to about 9. an, ,n partcular 
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in the range of 2 to about 7. The smallest polymer unit Q is preferably composed of one 
perfluoro segment (a).' one siloxane segment (b) and one segment (c). 

In a preferred embodiment of the polymer fragment Q. which preferably has a composition 
in the abovementioned ratios, the polymer fragment Q is terminated at each end by a 
siloxane segment (b). 

The compositions in a bivalent po.ymer fragment Q always correspond above and below to 
a mean statistical composition. This means that, for example, even individual block 
copolymer radicals containing identical recurring units are included, so long as the final 
mean statistical composition is as specified. 

X, is preferably -NHCONH-. -NHCOO- or -OCONH-. particularly preferably -NHCOO- or - 
OCONH-. 

The XrR-X* segment is preferably a radical derived from a diisocyanate. where each X* 
Ze^Z tine other, is NHCONH-, -NHCOO- or -OCONH, in particular -NHCOO- or 

-OCONH-. 

Z is preferably a bend, lower atoylene or -CONH-atfen.. in which U» ^O- moiety * linked 
to a CF, group. Z is particularly preferably lower alkylene, In particular methylene. 

a is preferably 0. 1. 1.5 or 2, particularly preferably 0 or 1.5. 

The pertuoroalkoxy unte OCF, and OCF^F, wim the indices x and y in segment (a) can 
Hive a JL dis^on or be in th. form of blocks in a Chan. The sum o • *. 
£L «y is pre^ly a number in the range of 10 to 25. parfcufcdy praferably 10 to 
TZ JL 4 * l»— * * «» range of 0.6 to 1.5. in parfcu* in the range of 0.7 to 



1.1. 



A tree-radicai-polymerizable group P. is, for example, alkenyl. alkenylaryl or 
JZZ**Z£L« up to 20 carbon atoms. ^ - **« « ™* a * 

oaenyl decenyl and undecenyl. Examples of alkenylaryl are phenyl. 
Xn-aphth, or Mylpheny, An example e, a,keny1a*en.„kyl * o, nv. or p-v,n,b.nzy, 
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P, lS preferably alkenyl or alkenylaryl having up to 12 carbon atoms, particularly preferably 
alkenyl hav.ng up to 8 carbon atoms, in particular alkenyl having up to 4 carbon atoms. 

Y is preferably -COO-. -OCO-. -NHCONH-, -NHCOO-, -OCONH-, NHCO- or -CONH-. par- 
ticularly preferably -COO-. -OCO, NHCO- or -CONH-, and in particular. -COO- or -OCO-. 

,n a preferred embodiment, the indices, m and p. are not simultaneously zero. If p is zero, m 
is preferably 1 ■ 

L is preferably alkylene. arylene, a saturated bivalent cycloaliphatic group having 6 to 20 ' 
cartoon atoms, arylenealkylene, alkylenearylene. alkylenearylenealkylene or 
aryfenealkylenearylene. 

Preferably. L is a divalent radical having up to 12 carbon atoms, particularly preferably a 
divalent radical having up to 8 carbon atoms. In a preferred embodiment, L is furthermore 
alkylene or arylene having up to 12 carbon atoms. A particularly preferred embodiment of L 
is lower alkylene, in particular tower alkylene having up to 4 carbon atoms. 

The divalent radical R is, for example, alkylene, arylene. alkylenearylene, arylenealkylene or 
arylenealkylenearylene having up to 20 carbon atoms, a saturated bivalent cycloaliphat.c 
group having 6 to 20 carbon atoms or cycloalkylenealkylenecyctoalkylene having 7 to 20 
carbon atoms. 

in a preferred embodiment R is alkylene. arylene. alkylenearylene. arylenealkylene or 
ary1enea.ky.eneary.ene having up to 14 carbon atoms or a saturated divalent cyc.oali P hat,c 
group having 6 to 14 carbon atoms. In a particular* preferred embodiment, R is a.kylene or 
arylene having up to 12 carbon atoms or a saturated btolent cycloaliphatic group havmg 6 
to 1 4 carbon atoms. 

in a preferred embodiment. R is alkylene or arylene having up to 10 carbon atoms or a 
saturated bivalent cycloaliphatic group having 6 to 10 carbon atoms. 

,„ a particutahy preferred meaning. R is a radicat derived from a diisocyanate. for example 
frorn hexane I.Wiisocyanate. 2 . 2 . 4 -mmemylhexane l.e-diisocyanate. tetramethylene 
diisocyanate. phenylene 1. diisocyanate. toluene 2.4-diisocyana.e. toluene 2.6- 
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diisocyanate, m- or p-tetramethytxylene diisocyanate, isophorone diisocyanate or 
cyclohexane 1 ,4-diisocyanate. 

,n a preferred meaning, n is an integer from 5 to 70. particularly preferably 10 to 50. in 

particular 14 to 28. 

in a preferred meaning. 80-100%. preferably 85-100%. in particular 90-100%. of the 
radicals R, R* * and R. are. independently of one another, lower aJkyi having up to 8 
carbon atoms, particularly preferably lower aJkyi having up to 4 carbon atoms, espeaally 
lower alkyl having up to 2 carbon atoms. A further particularly preferred embod.ment of R„ 
R Jf R 3 and R4 is methyl. 

in a preferred meaning. 0-20%. preferably 0-15%. in particular 0-10%. of the radicals R„ R* 
R, and R. are. independently of one another, tower alkenyl. unsubstituted or lower alkyl- or 
lower alkoxy-substituted phenyl or cyanoOower alkyl). 

Arylene is preferably phenylene or naphthylene. which is unsubstituted or substituted by 
lower alkyi or lower alkoxy. in particular 1 ,3-phenylene. 1 ,4-phenylene or methyl-1 ,4- 
phenylene. 1 ,5-naphthylene or 1 ,8-naphthylene. 

Aryl is a carbocydic aromatic radical which is unsubstituted or substituted preferably by 
tower alkyl or lower alkoxy. Examples are phenyl, tolyl. xylyi. methoxyphenyl. t- 
butoxyphenyl. naphthyl and phenanthryt. 

A saturated bivalent cycloaliphatJc group is preferably cycloalkylene. for example 
cyclohexylene or cydohexyieneOower alkylene). for example cyclohexylenemeth^ene^ 
Z*i is unsubstituted or substituted by one or more lower alky, groups, for example meth* 
^oups. for example trimethyicydohex^enemethyiene. for example the orient .sophorone 

radical. 

For the purges of me present invention, the term W in connection wit* radicals ^nd 

<Wned othe^e. denote, in parfcular. radios or compounds hav,ng 
up to 8 carbon atoms, preferably having up to < carbon atoms. 

Low,, a,*yi has. ,n particular, up to 6 carbon atoms, preferably up to 4 carbon atoms, and 
fe . for example, methyl, ethyl, propyl. M* ten-butyl, pentyl. hex* « .sohexyl. 
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. „ ,„ 1 2 carbon atoms and can be stra.ght-chain or branched. Suitable 

rp:::xrr,ene. ^ P ~ 7r . 

methylene. 2-propyl.ne. 2-bulyl.ne. 3-penrylene. and .he l*e. 

• ,i~,. n . havinn uo to 8 carton atoms, particularly preferably up to 4 



and methylene. 



» in alkvlsnearvlene or arylenealkylene is preferably phenylene. 
The a^eneun* ,n ^ „ , wer atoy . and the aWene unit MM . 

M^Tme^ or ethytene. in particular .ethylene. These 
^^l — P-efcrab, pheny;eneme»y,ne or methylene. 

, „ aiKoxy has in pamcula,. up to 8 carbon atoms, preferably up to 4 carbon atoms, and 

^eneaMenea^ene is preferab* pheny,ene„o»e, *.n,phen,ene havino up to S. in 
Ocular up » 4. carton atoms in me «M «* for example 
pntT— ene^ene or phenyienemethylenephenylene. 

^aTstep. . perfuoropo^M ~ — »• of formu* M= 

Xr (E).-Z«=r(OCF^(OCF ) CF 1 ) r -OCFrZ-(E).-X a (IV) 

• _™ nh -COOH -COCI.-NCO or -COOR,. where -C0OR. is generally an 

in which X, . ^ or a * which is unsubstituted or substituted by haiogen o, 

actuated ester ,n ^ as defln ed. above. * preferably reacted wtth 

cvano. and me variables Z.E.K.xanoy 

,1 equivafents of a afunctional radios of formula (V): 



X..R-X. M 



- . .nd X. is a functional radtcal which is coreactive with an X, 
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reactive derivative of formula (VI): 

X4 . R .x r( E,..2.CF r (0CF i W0CF^F i ),0CF r 2-( E )..X r R.X. (V.) 

„ wh*h * - —V — - - «*— - - 

siloxane of formula (VII): 



X, — AJk — Si— 



O— Sr 

i 



•Alk— X, 



(VII) 



C . — • **■ . compound o.formu„ (V.,1). 

X 5 -Sil-X s -R-Xr' , «' E -^ R - )<5 ' S "- X> (V "' 1 



— AJk — Si 



-1-0 — Si-HAJk- 
L. 



. « ^ .h^v after which the reactive intermediate of the 
formula (VIII) is preferably reacted wtn wo eq 
or (IXb): 

P,.CtVL«X4 OXa) 



(I) 
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„ whrt Y, is a functional radical which b coreactve with X, and ,s preferably -OH. -NH, - 
, -COOR, -CONGO o, -NCO. and ete varies are as defined above, and ,n 
^n X, « led ,0m me reacfon of Xj with X* and Y ,s formed from m. reacbon o, Y, 



with Xj. 



European r ^^ky, ether dimethanols under the name Fombhn, for 

^.z"" M L* <M * CONH-C*,(CH,)-NCO; Fombiin ZDEAL ,n wh»h me 
22 Z *in me form* (W) » -COO* and Fomblin ZDIAC, in which ft. rad,cat -Z-X, 
the formula (IV) is -COOH. 



ester. 



„h*,nrfonal derivatives of the formula (V) which nave different 
Pref erence is erven * «-* ^l radfcais X. In ft. c«. of aenbea, 

itCaradi^.^^^^ 

•W— 1 **" e »~"' "* tmeren. re is •* *e chain Mtf. of 
polymer Q (number of segments (a). (W and <c» ts easily I 



a,u>- 
a t u>- 



rvm are likewise commercially available, tor example 
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The novel compound can be prepared in Ihe presence or absence o. a solvent. I. is 

laloeous » use a subs.an M ,y men sorven.. i.e.. one wh,ch does no. par»pa.e « th. 
tcTon Su£ le examp.es »weo. are «hers. sue, as tetrahydroiuran fTHF). diethyl 
^ene Tool ether o, d,oxane, ~ed hydrocarbons, such as chtoroform 

or methylene chloride, bipolar enrobe solvents, such as acetonitrile, acetone, 
m^ormamide (DMF) o, dimethyl sulfide (DM80). hydrocarbons^ as h.xane. 
eme, toluene or xylene, and furthermore pyridine or »monoho„ne. 

,„ me preparation o. nove, compounds, the reacttnfs are advantageously employ Mr 
^metric amourts. The reacbon tempera*,, can be. tor e«m*e. torn -30-0 to 

fminrfes to 7 days, prefer about 12 hours. It necessary, the re«*on ,s earned out 

- ' » prot^e 9 as. ,n ure*a™..orm,ng reactor*, a su«ab* catalys, 
faf example, dibutyttin dilaurate (DBTDL). is advantageously added. 

me present Ma.en*l "B" m» •» a POlyme, casing a produo t of *e 
IZe^on o, a, leas. one compound oftormufc 0) as denn* above «Md--. « 
£T one vinylic comonomer (a). In a pM compost * a nov« copolymer. » 
2 bv weigh, of a compound of formula (1) is in me range of .00 to 0.5*. m 

potymer. 

. „ rf<n -ed polymer comprising a pn*u«^ t 

nnme r (a) present in the novel polymer can be hydrophilic or hydrophobic or a 
:rrr S^cornonomers are. * panicu*,. .nose which « usi* us* ,n 
mrxture thereof, su A hy<J[ophobic eon»nom« (a) 

me produCon of c^*ns« ^ a ^ is .solub* in 

"TZZ^^*™^. Ana^.hydropNIic 
water and can aDsoru »s» u . . . ^ inai u. nives a homopolymer which is 

«r is taken to mean a monomer which typically gives a nomopo.y 
comonomer (a) . taKen to m ^ 

soluble in water or can absorb at least 10% by g ^ Ci(Cycloalkyl aC rylates 

t*\ iarp without nutation thereto. Ci-c«aiKyi ano ^3 ~ir*7 
comonomers ' a midesani . m e.hacry1amides. qUk memacryto- 
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correspond.ngly part.ally fluonnated acrylates and methacrylates. C 3 -C lrf >erf.uoroa.kylethy.- 
tn.ocartwnylammoethyl acrytates and methacrylates, acryloxy- and methacryloxyalkyl- 
siioxanes. N-v.nylcarbazole. C,-C 1? alkyl esters of maleic acid, fumaric acid, rtacon.c aad. 
mesaconic acid and the like. 

Preference is given, for example, to acryionith.e, CVCa.kyl esters of vmyiica.ly 
unsaturated carboxylic acids having 3 to 5 carbon atoms or vinyl esters of carboxyl.c aads 
having up to 5 carbon atoms. 

Examples of suitable hydrophobic comonomers (a) are methyl acryiate. emyl acryiate. 
propyl acryiate. fcopropy. acryla.., =ycloh,*yl «*■». 2-««hy,h«y. acrytte. m«hyi 
LbLyiate. ethy, methacrylate. propyl methacyfcte. buty. acrytote. viny, ***** 
proptoM ,e. *ny, butyrate. vrnyl valerate, styrene. onloroprene. «* chlohde. v,ny*.n. 
chloride acryionfcile, 1-butene, butadiene, methacrylohittle. vinyttoluene, v,ny. «tf ether, 
perfluorohexylemynhiocarbohyiarnihoemyl methac*ate. isobomyl methaoyla... trrrowrc- 
ethyl memaorylate. hexatluoroisopropyl methacrylate, hexafluoroburyl methacry*. In* 

andbis(methacryloxypropyl)tetramethy1disiloxane. 

Preferred examples of hydrophobic comonomers (a) are methyl methacrylate, TRIS and 

acryionitrile. 

Suitable hydrophilic comonomers (a) are. wrfrou. mis beino ah exhaust*. «st hydro.*. 
Lbsmuted lower a,^ ac^atesand m«hac*a..s. aoytamide. ™^** /T. 
«a^«s ahd -methanes. MM W - 
Slower alM^ides and -me^ides. hydro^ted fcwer a>M 
vinvl ethers sodium yinylsulfonale. sodium styrenesulfohate. 2-acrylm** 

meC^nesuKonic H+fm*** 

2- .hd ^nylpyhdine. « unseed 

X aiota, o. 3 » 5 carbon atoms. .mino<*w.r .Ml- (— •» — "™ -» 
^des qua.em*y «*»*»». n"*— alkylarrino, (lower alkyO and d,Oower 
a « ^aX, abates and me^acrylates. .1*. *- - - £ »*— ' 
2nT elmpl, to -Wpyrrolidone. acrylamide, metM^mide.^ 
t«L lower alkyl achates and methacryiates. hydroxy-subsbtuted Jower 
:^ali:i^. m el^amides and vin.ic* unsaturated carboy acids ha*no 

a total of 3 to 5 carbon atoms. 
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„, surtabie hydropic »-« (a) are nydrcxyetnyi ^thacrylate (HEMA). 
^ l**"""** 1 »«V'«e, tnmemytammonium 2-hydroxy 

^IthUa.. hydrochloride (Bleme,® OA. for example In. N,ppon 0,1). 
propylmemacryia. * pMAEMA). dimethylaminoethylmethacrylamid.. 

acrylic acid, methaciyiic add and the like. 

Preferred hydrophilic conx.nom.-s (a) «e Wmelhylammonium 2-hydroxy 

Imlmllate hydrochloride, 2-hydroxy.thy. mema»yta.e. dirnemylamnoahy. 
^^^n^ 2-hydroxypropyin^t. hydrochlonde. N.N- 
dimemylacrylamide and N-vinyl-2-pyrrolidone. 

, ,v*mers are synthesized in a manner known per se from the eonesponding 
™ h» *. indudrn, a ^corner according to ft. - 

^rptroxodisutra... dibenroy. peroxide, hydrogen peroxide and sodium 
homotysis. and can then initiate, tor examp... a po.ym.hrat.on. 

« can oarticutarly preferably be carried out usingaphotoinitiator. In 

A ^TTe^P^T^. « ^otopo^on. it fs app-ophate 
^ case, the term P M »P°*™"^ ra| p^n^on and/or crosslinking by 

» add a P— "^tT^ „. pST^d in ft. a* «** 
using «ht benXly. ether, vhydroxycyctohexyipheny; ketone. 

pho ,o«ia.ors ar.. n Darocur® 1 1 73 and Irgacur* 2959. «so sulabl. 

Darocu, and Irgacur I^J*** ° tof exsmple , Wo a macron*, or 

canbeusedasaspecmc radiation, for 
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' n™* all sotverts which d,ssolve me monomers used, for example water. 
Ml ven,s are ,n pn ap I * ^ 

alM ho,s. such as lowe ^ ^ solv . nB , such as diethyl 

^xam.des, such as d acetone 0 , ^hexanone. 

suH oxide or mem. emy . ^ - exam , e THF . d , met hoxyemane or dioxane. 

nyd ,ocarbons, » exampie a „ d ^ mrtIures of su „abl. 

water/methanol mixture. 

„ M - desired be reinforced by addition of a crosslinking agent, for ' 

^ lonomeTla, and * a, leas, one ccmonomer <b). 

/w are alM (meth)acrylate, lower alkylene glycol 
dKmemiacryiate. f <^*° ^ d , M ^benzene, tnmemylolpropane 

„™r lb) used is expressed in a proportion by weigh, based on me 
0.1%. preferably in the range from 2 to 0.1%. 



3. Material "C 



, ^ hv oolvmerizing oolymerizable macromers which contain 
free hydroxyl groups. Macrome , amaHKA containing an 

uns a<ura,ed polymery Mr o ^ homopo|yn , eriJation . The 

^ from the mac*™ 9 Mn ^ ^ M poiynrcrized ««h one or more 
^^rs mentioned « urth « m °* A special property ot me macromers 

hyd rophilic and/or ^P^^ „"„ elem en, wNch controis microphase 
acc0 rding ,o ,he inven»on - ^ , a OTSSlinte d end 

separation between selecteony 
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nm duct The hydrophili=/r,ydrophob,c m,c,opr,ase separation is in the region of less than 
P ^ ™ e mlcromers a,e preferably crosslink a, me phase boundaries between, to, 
a "comorler on the one hand and an — po^ble - 
»To^ls bonded to por*lo«n. on the other hand, by oova^t bonds ahd 

CTre^e interacts, tor example hydrogen bridges. These are 

"TT^rSr.LL« «* « — « Wn,inU0US ^ 

permeability to oxygen. 

The present embodiment of the invent reiates to a macrome, comprising * least on. 
segment of the formula (1): 



(.) 



d 



in which 

(a) is a polysiloxane segment, 

(b) is a polyol segment which contains at least 4 C atoms. 
Z is a segment (c) or a group X„ 

(r\ is defined as XrR-Xa. wherein 

group. 

Xi is defined as X* and 

(d) is a radical of the formula (U): 

XrL-OVPi 

in which ' 
carbonyl group; 

A po^loxane segment ,a, is deriv* from . compound of the formula «* 
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O — Si- 
l 



R, 0") 



in which n is an integer from 5 to 500; 

r 8 t% of the rad.cals R,. R„ R, R* R, and R« independent, of one another are alkyl 

and 0 2-75% of the radicals R, R* R,. R* Rs and R. independently of one another are 

party fluorinated alkyl, aminoalkyi. alkenyl. aryl, cyanoa.kyi. alk-NH-alk-NH, or 

alk-fOCHjJm^OCHJp-ORr. 

a is hydrogen or lower alkyl. alk is alkylene. and 

" 1 p independent, of one another are an integer from 0 to 1 0, one mo.ecu.e cental 
at least one primary amino or hydroxy! group. 

The alkylenoxy groups -(OCH.CH^ and -(QCH* in the siloxane of the **™*^ 
e^er distributed random, in a ligand a.MOCH 2 CH^-(OW P -OR, or are d.stnbuted as 

blocks in a chain. 

A polysiloxane segment (a) is .inked a totai of 1-50 times, preferably 2-30 Umes^and in 
JLar 4-10 times, * a group Z with . segment <b) or another segment (a . 1 «n 
-Tz-a- sequence always being a segment (c). The linkage site in a segment (a) «tn 
group Z is an amino or hydroxyl group reouoed by one hydrogen. 

,„ . preferred embodiment a porys«o*ane segment is derive from a compoundof the 
^1 flil) in whioh the radfcals MWMWH •* R. are a M H* ™ re 
Hetb, 2 30 mm. and in pa*eu*r 4-,0 .me, i-ependen., e«her terminal* or 
^en»y aminoalkvi or hydroxyalkyt. M other variables being as defined above. 

, n a preferred embodiment a pctysiloxane segment * denved from a compound I of the 

»u aiio/i and 5-71% of the radicals Ri, R2.R3. "4, Rs ana M«ino«K«' 

" P^-Led -* -ino,M. ~* -* « -NH.a,, NH! 0, 
^h"hV(OCH,,.-0 R .. and in which me variab.es are as defined above. 

particular, preferably 12 to 125. 
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,„ a preferred meaning. M two «mM rad,cals R, and P, are am,noa,M o, hydroxyalkyl. 
tne other variables being as defined above. 

, n anomer preferred meaning. fhe radicais R. and Rs are 1 -SO Ames, more prcferably 2-3° 

and in particular 4-,0 fmes c«den,,y aminoalkyt or hydroxyalkyl and the omer 
variables are as defined above. 

,„ anomer preferred meaning. the rad^s R„ R,. R, R*. R« and R. are a toaloM-SO 
ames more preferably 2-30 Unto and in particular 4-10 tJmes. independently ** 

above. 

„ z is x „ x, is a bivalent group which contains a, « ~ J^^J^L 
group mentioned is flanked in any manner, if appropnate. by -0, -CONH-. -NHCO- 

Examples of bivalent groups Z are typical* carbonyls. esters, amides, ureses, ureas or 

carbonates. 

X, * preferably an ester, amide, urethane or urea group, in partJcul* an ester or amide 

group. 

« j •_ m-ip « me wav as X, and is preferably an ester, amide, urethane. carbonate 

amide, urethane or urea group. 

*. •. mil X a Dolyol segment b is preferably understood as meaning a polyol 
lf Z in formula monolactone or carbohydrate di.actone. A 
derived from a carbohydrate, carbonya tgtra. oligo- or polysaccharide. A 

^tTrr:— rZZ—an^ruronicac^ 
carbohydrate ,ac.on - ot , mono .. di , 

«... tew, d,go- <" /"^f ^epoonolactone; «»mples of actd 

example of a carbohydrate dilactone Is D-glucarc-1 .4.6.3-d,lactone. 
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interrupted by Xi. 

Tteem6 o. im en,o ( U,e 1 „v.n S onp«re,a,es,oa m ac,o m e,o f »,e to ™ Ul a ( ,V, : 



•X,— b 



in 



d (IV) 
which the variables are as defined above. 



An 

formula (V): 



a— f^— b) p 

(d)x (V) 
in wWch ft. P-»— » segment (a, contains , penden, lioan*. 
x « 0. 1 or 2. . 4 « on nr«f erablv 1 -1 0, and in particular 1 -5, and 

polymerizable segments (d). 
formula (VI): 

(d>x (VI) 

in which a linear sequence is present, 



WO 96/31792 



PCT/EP9</01245 



-46- 



and the segments (b) in a macromer according to the formula (VI) are linked in total (per 
molecule) with up to 20, preferably with up to 15. and in particular with up to 6 
polymenzable segments (d). 

An embodiment of the invention furthermore very preferably relates to a macromer 
according to formula (VII): 



X 



b— X,— a— X,— b 



(d) x (d) * (VII) 

in which x is 0, 1 or 2, and 

the average number of segments (d) per molecule of the formula (VII) is preferably m the 
range from 2 to 5. and very preferably is in the range from 3 to 4. 

A polyol segment (b) is derived from a polyol which carries no lactone group if the group Z 
is a segment (c). Examples of such polyols are a 1 .2-polyol, for example the reduced 
monosaccharides, for example mannitol, glucitol. sorbitol or iditol, a 1.3-polyol. for example 
polyvinyl alcohol (PVA). which is derived from partly or completely hydrolysed polyvinyl 
acetate and furthermore amino-terminal PVA telomere, aminopolyols, aminocyclodextnns. 
aminomono, -di-. -tri, -oligo- or -po^saccharides or cyclodextrin derivatives, for example 
hydroxypropylcyclodextrin. An abovementjoned carbohydrate dilactone can be reacted, for 
example with preferably 2 equivalents of an amino-terminal PVA telomer to give a polyol 
macromer which carries, in the cantral part the carbohydrate compound derived from the 
dilactone. Such polyols of this composition are likewise understood to be a suitable polyol. 

As illustrated in formula (I), a segment (b) carries at least one vinylic polymerizab.e .segment 
(d ) a linkage of a segment (d) via the bivalent radical X, thereof to an amino or hydroxyl 
group, of a segment (b). reduced by a hydrogen atom being intended. 

A vinylic polymenzable segment (d) is incorporated eHher terminally or pendently preferably 
1 .20 Ls. more preferably 2-15 times, and in partcufcr 2-6 times, per macromer molecule 
according to the invention. 
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A vinylic polymerize segment (d) is incorporated terminally and also pendent.y as des.red 
(as a terminal/pendant mixture) preferably 1-20 times, more preferably 2-15 t.mes and .n 
particular 2-6 times, per macromer molecule according to the invention. 

A group P, which can be polymerized by free radica.s is. for example, a.kenyl. a.kenylaryi or 
alkeny.arylenealkyl having up to 20 C atoms. Examp.es of a.keny. are vinyl, ally, i-Propen- 
2 vl 1 -buten-2- or -3- or -4-yl. 2-buten-3-yt and the isomers of pentenyl. hexenyl. octenyl. 
deceny. or undecenyl. Examples of alkenytary. are vin^phen^. ^naphthylor allylphenyt 
An example of alkenylaryleneaikyl is vinylbenzyl. 

P, is preferabry alkenyl or alkenylaryl having up to 12 C atoms, more P referab.y alkenyl 
having up to 8 C atoms and in particular alkenyl having up to 4 C atoms. 

L is preferably alkylene. ary.ene. a saturated brvalent cydoaliphatic group having 6 to 20 
carbon atoms, arylenealkylene, alkylenearylene. alkylenearylenealkylene or 
ary.enealkyleneary.ene. In a preferred meaning, L furthermore is preferably a bond. 

,n a preferred meaning. L k a drvalent radical having up to 12 C atoms, and more prefer^ 
la ent radical ha.ng up to 8 C atoms. In a preferred meaning. L ™*™"mT 
or ary.ene having up to 1 2 C atoms. A very preferred meaning of L is lower alkyiene, ,n 
particular lower alkylene having up to 4 C atoms. 

y is pre ferabiy a carbon* ester, amide or urethane group, in particular a carbonyl. ester or 
amide group, and very preferably a cartonyi group. 



In 



another preferred meaning. Y is absent, i.e., k is 0. 



In a preferred meaning. X3 is a urethane. urea, ester, amide or carbonate group, more 
« a uremane. urea, ester or amide group, and in pabular a urethane or urea 

group. 

■ „• lum.rfcable segment (d) is derived, tor example, from acrylic add. methacryOc 
acid . mema^ *J£*£Z - — - 



the 1:1 adduct. 
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invention furthermore preferably relates to a macromer in which a segment (d) « 
incorporated erther terminally or pendently or as a terminaVpendent mature 5 times, 
-me invention furthermore preferably relates to a macromer in which a segment (d) « 
incorporated terminally 5 times. 

The diradical R is, for example, alkylene. arylene. alkylenearyiene, aryienealkv<ene or 

ha.ng up to 20 carbon atoms, a saturated b ^o^c 
Zap having 6 to 20 carton atoms or cyc.oai^enea^Menecycloa.Mene na.ng 7 to 20 
carbon atoms. 

,„ a preferred mining. R is alkylene. arylene. alkylenearyiene. aryienealkylen. or 
^Wenea^ene ha*ng up lo 14 carbon atoms or a saturate. bwaent cy**ha«c 
group having 6 to 14 carbon atoms. 

,„ a prrferred meaning. R is alkylene. arylene. alkytenearyten. or alkylene having up 
„ ,4 carbon «oms. or a saturated bMrt cycloaliphaSc group having 6.0 14 carbon 
«oms ,n a rxeterred maaning. R is alkylene or arylene having up lo 12 carbon atoms, or a 
saturated bivalent cydoaliphaHc group having 6 to 14 carbon atoms. 

ln a preferred meaning. R is a.kylene or arylene having up to 1 0 carbon atoms, or is a 
saturated bivalent cydoaliphatjc group having 6 to10 carton atoms. 

ln . vary preferred mining, a segment (c, ^«<™ = J-"* 
eLie 1 Wisocyanate, 2.2.4-— xan. LMfcocy**.. .ethylene 
donate, ph.nri.ne 1 ,4^socyan«.. toluene ^iisocy^e. M» ** 
2^ m- - p-te^memylxy-ene diisocyanate. isophoron. olisocyanate or 

cydohexane 1 >dBsocyanate. 

A Deferred embodiment of segment (c) is Whermore derived from a difcocyanate in which 

J^ZL groups h*. different reaves. The dmeren. reacWty . • 
^^mas^^^uiremen^ and/or el^dens^menei^urhoodo-an 

isocyanate group. 

mnlecular wei ght of a macromer according to the invention is preferabry in the 
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20.000. more preferably in the range from about 800 to about 12.000, and particularly 
preferably in the range from about 1000 to about 10.000. 

A preferred embodiment of the macromer has a segment sequence of the formula (VIII): 

b-Z-a4c-a},-(Z-b), (VIII) 

in which r is an integer from 1 to 10. preferably from 1 to 7, and in particular from 1 to 3; 

t is 0 or 1 , and preferably 1 ; 

a linear (ca) chain which may or may not be terminated by a segment (b) » present (t=1). 
and the above preferences apply to the tota. number of segments (d). which are preferably 
bonded to a segment (b). 

A preferred embodiment of the macromer has a segment sequence of formula (IX): 

b-Z-a-{c-a-(Z-b)dr ( ,x ) 

in which the sequence (c-a)-(Z-b), hangs pendently r times on the segment (a) and may or 
may not be terminated by a segment (b); 

r is an integer from 1 to 10, preferably from 1 to 7. and in particular from 1 to 3; 

t is 0 or 1, and is preferably 1; 

Z is a segment (c) or a group X,; and 

the above preferences apply to the total number of segments (d). wh,ch are preferab* 
bonded to a segment (b). 

Another preferred en***™-" * ■» macromer * " ^ 

b-cKa-e}.-B <*> 

in which s is an integer from 1 to 10. preferably from i to 7. and in particular from 1 to 3; 
B is a segment (a) or (b); and 

"iJ Ponces «* to the number of seamen* <d). which are bonded to a 

segment (b). 

Another preferred embodiment of the macromer ha, a segment seouence of ft. formal 

CXI): 
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B-(c-b).-Z-a-(b), W 



B is a segment (a) or (b); 

pi— «■* » « — « - m "- ldl ' " a,e ,0 a 

segment (b). 

^..n. of Ihe invent is preferably in . rang, of W-W-M. «• 

sum o, se^n* ,a> and <o, or. wner. appropna,.. ,a, * • 

X I 2 .o 50. preferably 3 .o 30. and in p«**r ,n tte nan,, from 3 a. 

phenylene; or 1 ,5-naphthylene or 1 ,8-naphthylene. 

radical which is unsubstituted or substituted by preferably 

phenyl, naphthyt or phenanthryi. 
Asa^enfcyao.^^ 

cycfohe^.neorc^oh.xyiene-k.w.r^ene^P ^ 
radical. 

^naU.pre.s^^n^p^ca^na.o.s. 
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^er a. k y. has. ,n part.cu.ar. up to 8 carbon atoms, preferably up to 4 carbon atoms, and 
is . for example, methy.. ethyl, propyl, butyl, tert-butyl. pentyl, hexyl or sohexyl. 

, n a , un to 1 2 carbon atoms and can be straight-chain or branched. Suitable 

:z* m « — wene - 

methylene. 2-propylene. 2-butyl.ne or a-pentylene. 

, „ aikvlene is alkylene having up to 8. and particuiany preferabfy having up to 4 carbon 
P« Pierre. examples o, tower **yl.nes are propane. -*« - 

methylene. 

A. aryiene unit o. a,Kv,enea*ene or a^lenealkytene * preferabiy 
£2Ud or subs«u»d by tower alkyi o, tower alkoxy. and m. <™ ^ " 

Ta^bly lower alKyiene, such as methylene or e»y»ne. in partcufcr methylene. Sue* 
£U are therefore preferabty phenyleneme.hyl.ne or methyienephenylene. 

U_ aikoxy has. in parte*, up to 8 carbon atoms, preterab, upto . carhon atoms, and 
is. for example, memoxy. ethoxy, propoxy, butoxy. tert-butoxy or hexyioxy. 

Pa^uonnated *, * understood as meaning m " " 

TC^and in particular up to 50%. o< the hydrogens are replaced by fluonne. 

^vfeneaiKytenea^ene is txefer^ly phenylene-tower aWene-phenyfene having up to 8. 

lar lng up to 4 carbon atoms in the aH^ne un, tor enmpl. 
pnenyiene^ylenephenylen. or phenyt^thytener^n,^. 

A n^nosacchande in the context o, me present invent is understood as meaning an 
atoopentose. aldohexose. aldotetrose. ketopentose or ketohexose. 

. un^tose are D-nbose. D-arabinose. D-xylose or D-lyose; examples of 
Espies of an D*—. D-mannose. D-gulose. 0-idose. r> 

an aldohexose are D-allose, D-atlrose. u g . (Mtwloa. or 

r, I .fucose or L-mamnose: examples of a Ketoperaoso > 
^aetose, « 0-«Y«hros, or - «"<*• - • 

r>x*u»se: '^^^ of D . B gatos«. Examples o, a 

MMM- are I*-"* ^ M|loKosei gentio6tose , saccharose. 
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maltotriose may be mentioned as an example of a trisaccharide. Examples of an 
oligoaaccharide are maltotetraose, maltohexaose. ch.toheptaose and furthermore cyd.c 
oligosaccharides, such as cyclodextrins. 

CyciodexWns contain 6 to 8 M un te o. a-, ...giucose. So™ .xan^es 

T Hvdodex*. derivatives o. such cyclod.*nn S . to, axampl. hydro^propyicydodeflnns. 

and branched cyclodextrins. 

The macromers according to this embodiment of invention can be prepared by processes 
known per se. for example as follows. 

in a first step, a polysiloxane containing at least one primary amino- or hydroxyaJkyl 
group is reacted wfth a carbohydrate lactone, an amide or ester bond being formed and a 
compound of the formula (Xlla) or (Xllb) being formed: 

(a-Z-b), (Xlla) 
a-(Z-b), (Xllb) 

in which the variables are as defined above and Z is a group X,. 

r^ich th. compound (XI.) * reacted w*h an unsaturated polymery compound of 

the formula (XIII): 

X4-L-C1VP1 WW) 

in which x. is a group whfch is coreactive wfth a hydroxyl or amino group of segment ^ 
nt group of a segment (d) according to formula (1.) being formed from such a reacto, 
, orB v ic nreferably -COOH, -COOR,o. -COCI or -NCO. in which 

and the other variables are as defined above, 

after which a macromer according to the formula (IV) or (V) is formed 



d 



a — fX 1 — t>) q 

(IV) 

(d)x 



■Xl— * I (V) 



in which the segments (d) are incorporated terming or pendentJy. 
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Another process starts from a polysiioxane (a) which contains terminal pnmary amino- or 
hydroxyalkyl groups and is reacted with a carbohydrate dilactone to form linear structures 
of the formula (XIV): 



i — X 1 — b-h- 

(XIV) 



in which the variables are as defined and preferred above, after which a compound of the 
formula (XIV) is reacted with a compound of the formula (XIII) analogously to the above 
process to give a macromer of the formula (VI): 

—(-a — X 1 — b-frg- 

(d) x (VI) 
in which the variables are as defined and preferred above. 

Another process starts from a polysiioxane (a) which contains terminal primary amino- or 
hydroxyalkyl groups and is initially reacted with a bifunctional compound of the formula 
(XV): 

X4-R-X4 (XV) 



in 
an 



which X, is a group which is coreactive with a hydroxy! or amino group of segment (a), 
■n X 2 group of a segment (c) being formed from such a reaction, where X, is preferably 
-COOH. -COOR.0. -COO or -NCO. in which R. is alkyl. or aryl which is unsubstituted or 
substituted by lower alkyl or lower aJkoxy, and R is as defined above, 
after which this intermedate h reacted with a polyo. which carries no lactone group to grve 
a compound of the formula (XVI): 



b-c-{a-c}»-b 



(XVI) 



in which the variables are as defined and preferred above, after which the compound 0, the 
iolla (XVI) is reacted with a compound of the formula (X..., .0 give a macromer of the 

formula (X): 



WO 96/31792 



- 54 - 



b-c-{a-c},-B 



(X) 



in which s is an integer from 1 to 10. preferably from , to 7. and in part.cu.ar from 1 to 3; 
B is a segment (a) or (b); and the above preferences apply to the number of segments (d) 
which are bonded to a segment (b). 

Another process starts from a bifunctionai compound of the formula (XV): 

«Wch * reacted wf* an excess of polysiioxane (a) to grve an -a-(c-a), ^ 
rJ above meanings app.y. after which, in a second step, the intermediate . reacted w«h a 
polyol which carries no lactone to give a compound of the formula (XVII): 

b-Z-a^-ayrZ-b (XVII) 

after which the compound (XVII) is reacted with the compound (XIII) to give a macromer of 
the formula (VIII): 

b-Z-a-{c-a}r(Z-b)t <W») 
• ;„t«w,«r from 1 to 10 preferably from 1 to 7. and in particular from 1 to 3; t is 

segments <d>. which are preferably bonded to « segment (b). 

Another process sarts from . carbohydrate lactone whteh is reacted to » 
nn of the formula (XIII) . the lactone luncSon being retained, after wh,ch the 

to give a compound of the formula (IV) or (V): 



(IV) 
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in wh.ch q is typically 1 or 2. and in wh.ch the above mean.ngs and preferences otherw.se 
apply, and the segments (d) are incorporated terminally or pendently. 

The present embod.ment of the invention furthermore relates to the .ntermediates which are 
novel and which occur during synthesis of the macromers according to the .nvenfcon. 

The invention therefore furthermore relates to a compound of the formula (Xlla): 

(a-Z-b), (Xlla) 
in which q is greater than 1, 

( a) is derived from a polysiloxane as defined by formula (I) above and 

(b) is derived from a carbohydrate dilactone. 

An embodiment of the invention furthermore relates to a compound of the formula (Xllb): 
a-(Z-b), (Xllb) 

in which Z. (b) and q are as defined and preferred above, but with the proviso that a 
segment (a) is derived from a compound of the formula (III): 



r,— Si-jO— Si-(-R, 



L ^Jn (III) 



J • 75 * of the radicals R„ R,. fc FU, Rs and R» independent* of one another are 

^Loafed ** «*-* — * a * « m Md 

TJmWU -(OCHA-OR, in which R, I. hydrogen or tower alkyl. alk . .Wene and 
^SSSi one another are an integer from 0 .0 10. one mofccule M n,a,n,no 

The invention furthermore relates to a compound of the formula (XVI): 
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b-c-{a-c},-b 



(XVI) 



in wh.ch a segment (b) is denved from a pofycl which cames no lactone and the other 
variables are as defined and preferred above. 

An embodiment of the invention furthermore relates to a compound of the formula (XVI.): 

b-Z-MwflrZ-b WW) 

in which a segment (b) is derived from a polyol which carries no .actone and the other 
variables are as defined and preferred above. 

a siloxane (a) containing at least one primary amino or hydroxyl group is, for example 

J^ZX **J « ~ kf - 8003 - X - 22 ' 161C (Shin EM or 

^rTsee). ^er siloxanes can be synthesfced w*h the aid of putted processes. 

A poryo. (b) required for th. synthesis is as a rule commercial* ^J^lZ 
g^noltone or .actofconoiactone. 0*erw*e. they can be synthesaed w*h the ad of a 

published process. 

The compounds acting to the invent can be prepared in the presto. or absence o< 
T^Ta so*en< which is iarger, tot U, does no. parfcJpat. in the reachon . 
!oCto4 used. Suable «amp.es of these are ethers, such as te^ydro*™ 

^JTr^h as chloroform or memylene ohioode. bipoiar apro«c M such as 
«e^,e dim^rmamid. (OMF, or mm — (DMSO). 

The reacttnts are ad^tageousr, emptoyed In tfoichiomethc amounts tor th< Reparation 

\L,nds according to the invention. The reaction temperature can be. tor 
° TZT^Zc- The W from 0-C to 40* h a preferred temperature 

fom*g actions, for exam*. Curate (DBTDL). 
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♦ Hh-rmnrP relates to a polymer compns.ng a polymenzat.cn product 
The present ,nvent,on ^^^J^ as defined above and. H appropnate. at 
of at least one macromer according to the mvem 
least one vinyl ic comonomer (a). 

• , « n«iv^r,«r according to the invention comprises a weight 
yne preferred compost of a polymer me , nventJon in ^ 

range from 70 to 30%. 
homopolymer. 

materials. 

, x • ^.tetntid as meaning monomers which typically give. 
A hydrophobic comonomer (a) » understood as meaning 
a homo^ymer, porymers v*ich are wateHnso.ub.e and can absorb .ess than 10% 

weight of water. 

10% by weight of water. 

i.t «i« without this list being exhaustive. CrCnHkyi 

Suitable hydrophobic comonomers (.) and -methacryl- 
and acryfc.es and r«es. 

ami de, ac*on«H,e. «*- 

alkenes. styrene. lower a.kyl styrene tower afcyl y ^ayutes. CrC- 

a„d mefracryiates or corresponding* — < ^ >aytoxy . anO 

per.^l^-Wocan.onylamino^yl «-» * ^ ^ 

nlac^-afcyl^^^^^ 

-^ctZ^-^— -- l ■- 1, " , • > " , 
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rumples of suitable hydrophobic comonomers (a) include methyl acrytate. ethyl acrylate. 
pro pyl achate, isopropy, achate. isob*y, achate „BA>. sooctyl achate 
achate (DA), cydohexy, achate. 2.e.hy,hexyl achate (EHA). me*yl methacrytate. ethyl 
ILrytate. propyl methacrylate. butyl acrylate, vinyl acetate, vinyl propionate. v,nyl 
^TU« v-*. «yene. chtoroprene. *ny, chionde. ytnytidene chlond*. acr*on,tn,e, 
,ZLe butadiene, methacryionitrile. vinyl toluene, vinyl ethyl ether, perftuorohexyl- 
e^iocarbonylarninoett-yl methacrylate. isobomyl methacrylate. trifluoroethyh ™m- 
SI. h«a..Lsopropyl methacr^te, hexafluorobu*. W 1"™* 
HW. tfs.trimethytsiryloxy-silyl-P'opy methacrylate fTRIS). 3-methacryloxyp.opvip.nta. 
methyldlsiloxane and bis(methacryloxypropyl) tetramethyldisiloxane. 

Prefened examples of hydrophobic comonomers (a) are methyl methacrylate. IBA. HFBA. 
HFBMA, OA. EHA. DA, TWS and acrylonitrile. 

SuKable hydrop* comonomers (a, indude. wrmou. mis w being conducive hy*o*l- 
substituted lower alkyt achates and methacrylates, acrytamide, n»tnacrylan»de. lower 
ZZ»*«<s and -methanes, ethoxylated acry1a.es and mamacrylates. hydroxy 
Xm« »wer al^c^mides and .memacryfcmides. hydroxy^subs^ed low* aixy, 
viny. ethers, sodium ^sulfonate, sodium styrenesulfona... i-tcr^^W 
Z Lesulfonic add. N-vinylpynole. N-vinyl-a-pyrrolidon.. 2-vinytoazol.ne. 2-^-4,4 * 

2 of 3 to S carton atoms. «mino*w« alky! (where me M -an**" -» «**• 
^^•mmon^,. n»no-^ aiKyfcminc-fcwer alK* a* dMower -*»»»*~ 
alW^L and me.hactfa.es. ..lyl alcohol and the Bke. MM comonomets are for 

IT^tes L memactfa.es. hydroxyt-substtuted tower alkytactfamides and -me*- 
SST- « -saturated carbolic acids h^n, a tot* of 3 to a carbon 



atoms. 



c m „,. s d S utaaehydrophi»cwr™^ 

^SZZiZ* " ro * «*-• mr^myta^n^ro^ 
rirwrochlorid. (BI.me.SOA for example from N*pon OH. dim.my^«».W 
dimemylaminoemy, memactfamide. actfanide. methacrylamide. 
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, -hp N v,nvl-2.pyrroliOone (NVP). acryl.c aad. methacryl.c acid 
d.methyl-a-oxobutyDacrylam.de. N-vinyl PV 

and the like. 

nMre , a) are 2 . h ydro*yerhyl methacrylate. d.methylanvnoethyl 
Preterred hydrophil,c ""^.'^J^, m ethacr*a«e hydrochlonde. N.N- 
methacrylate. W n,ett,ylammon,um- 2 -hydroxyp opy 
^e.hytac^amid.andN.vinyl.a.pyrroLdone. 

. are built up in a manner known per se from the 

The powers according ,o .he "-"""^ ^ ^ . TO cromer according to 
corresponding monomer, (the term me „ U5U * a 

*e invertion) by a po.ymenza.on «*» ^ J'addfcon of „ agent which 

mM ure o. ,h. awvementioned — " '^^s is. tor exempt 
fems ^ radical Such an agent P-* 
a^onMe ^^'•^7^:* mentioned are heated. * example. 

polymerization. 

- i.ri» nreferably be carried out using a photoinMator. 
A poison reason can prtrt* ,£> «* pMap0<w ^. a p— or 
Phot opo*meriza«on * me ten. used^ cas. J ^ ^ o( ^ „ 

^ can initiate tree radfcal rt sp ec*cally. sura*. 

photoiniaators are benzoin ^ J^^Xocur 295^ . Rear*. P^Wators 
and irgacu, typ*. ^atacrome, or can be used as a spec* 

^ can be ar. .0 be tou* in EP « » The 

comonomer (a) are also surable. Example ^ ^ „ 

photopol^onean^ 

s o*,nts are in principle ^^emano, or methanol, and turthermor. 
alcohols, such as lower alkanols . * dlpolar , proUc sclents, such as 
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solvents, for example m.xtures of water with an alcohol, for example a water/ethanol or a 

water/methanol mixture. 

If appropriate, a polymer network can be intensified by addition of a so-called crosslinking 
agent for example a polyunsaturated comonomer (b). The invention furthermore relates to 
a polymer comprising the polymerization product of a macromer according to the .nventon 
with, rf appropriate, at least one vinyiic comonomer (a) and with at least one comonomer (b). 

Examples of typical comonomers (b) are, for example. ally1(meth)acryiate, tower alkyiene 
glycol di(meth)acryiate. poly lower alkyiene glycol di(meth)acrylate, lower alkyiene 
di(meth)acrylate. divinyl ether, divinyl sulfone. di- or trivinyl benzene, trimethylolpropane 
tri(meth)acrylate. pentaerythritol tetra(meth)acrylate. bisphenol A di(meth)acrylate. 
methylenebis(meth)acrylamide. triallyl phthalate or diallyi phthalate. 

The amount of comonomer (b) used is expressed in the weight content with respect to the 
total polymer and is in the range from 20 to 0.05 %, in particular in the range from 1 0 to 
0.1%, and preferably in the range from 2 to 0.1%. 



4. "Material D" 



Another advantageous embodiment of the present invention relates to the use of a 
stxane^ning macromer which » formed from a po^dialky^oxane) dialkoxyalkanol 
having the following structure: 



ho — fyORj — Si- 
Re 



r 

•OSH- 

I 

*8 



R3OR4 OH 



where n * an inteoer from about 5 to about 500. preferably about 20 to 200. more 

CrC atkytene. mora prefarab* C-C alkylana. wherein ,n a )rM*M>t •» 

1, number carbon atoms In R, and Rj or in R, and R. is o^at* man « 

ft. ft. ft. and ft are. independenUy of one another, iower alky,. P"*** ** 

more preferably'd-Cs alkyl. 
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The general structure of me Material D macromer follows: 

ACRYLATE - LINK - ALK - O - ALK - PDAS - ALK 0 - ALK - LINK ACRYLATE 

wh ere the ACRYLATE is seiected from abates an. met„ LINK is se,ected from 
Ltnanes and ^ethane .inkages, ALK - O - ALK is as defined above (R.-0* or 
FVO-R.). and PDAS is a poly(dialkylsiloxane). 

p ^mo.e a Material D macromer may be prepared by reacting isophorone diisocyanate 
(~,te and a -Koxya.Kano, in the presence of 



a catalyst. 



A pretend Material D maimer may be prepare by reading a slight exce»of 
^LanatoaW memaoyate. especially «oeyana.c.myi memac^ate OEM). w*a 

»e presence of a calaiyst especially «" «— »* 5uch 115 ^ 

(DBTL). The primary resulting structure is as follow: 



I 7 
•OSi- 



"R3 OR 4 R 200 



I 5 

Re 

wherein R 100 and R„ are defined as follows: 

Rjor> 

R,0 ° : O Q B12 



H H 



^ere fc and R„ are a,*ene; preferably C, W more prepay ethylene; and R. 
and R« are methyl or hydrogen. 
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homogenize the mature. Preferably, an appropriate amount of TR.S is added to lower me 
modulus of elasticity to a des.red level. The ionoperm monomer or monomers may be 
selected from any of the aforementioned ionoperm or hydrophilic monomers. Preferably, 
me ionoperm monomer is selected from the group consisting of acrylates. methacrylates. 
acrylamides. methacrylamides and mixtures thereof. More preferably, the .onoperm 
Vomers are selected from dimethylacrytamide (DMA) and methacrylic acid (MAA). 

A preferred 'Material D" prepolymer mixture, in weight percentages based on total nocture 
weTaht includes about 35 to 60% Material D macromer; about 6 to 25% TRIS; about 15 to 
M ionoperm monomer about 0.1 to 1% photoinrtiator; and about 10 to 20% servant. A 
more preferred 'Material D" prepolymer mixture, in weight percentages based on total 
mixture weight, includes the following: about 40 to 55% Materia. D macromer; about 8 to 
16% TRIS- about 20 to 30% dimethylacrytamide; about 0.2 to 2% methacrylic ac.d; about 
0 1 to 1% pnotoinitiaton and about 10 to 20% sorvent. A particular* preferred "Matenal D 
prepolymer mbcture. in weight percentages based on total mixture weight, includes the 
LloX about 44 to 50% Material D macromen about 10 to 12% TRIS; about 22 to 26% 
dimethyiacrylamide; about 0 to 1 % methacrylic acid; about 0.2 to 0.6% photoinfcaton and 
about 10 to 20% solvent 

The prepolymer mixture may be formed into lenses and other ophthalmic devices by any of 
TnumbeVoftechniques known in the art and disclosed herein. Preferably, the pre^ymer 
mire * conveyed into a concave ha* of a <ens mold, the convex mold h« is mated wrth 
the concave mold half, and an appropriate amount of radiation « applied to .n.t,ate 
porvmerizatjon. While ultraviolet (UV) radiation is preferred, a number of other energy 
sources known in the art and disclosed herein may also be used. 

The Material Dophthalmk: lens is preferabry a polymerization product of the following 

(a) about 45 to about 65 percent Material D macromer 

(b) about 5 to about 25 percent TRISr and 

(c) about 20 to about 40 percent ionoperm monomer. 

The Materia. D ophthalmic lens is more preferably a polymerization product of the to.lowing 

(a) about 50 to about 60 percent Material D macromer; 

(b) about 10 to about 20 percent TRIS; and 
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(c) about 25 to about 35 percent lonoperm monomer. 

,„ a preferred embod.ment. the Matenal D ophthalm.c lens ,s a polymery product of the 
c and monomenc components, based on tota. we.ght of po.ymen^, 

material: 

(a) about 50 to about 60 percent Material D macromer; 

(b) about 1 0 to about 20 percent TRIS; 

(c) about 25 to about 35 percent DMA; and 

(d) up to about 2 percent MAA. 

,„ another prefer,* embedment, about 0.2 to , .0 weigh, percent MAA is used, together 
with the components (a). <b). and (c) in the above-cited amounts. 

,„ ^-HTHALMIC -I ' " F SUHPACES 

The ophthalmic tenses of me ^ invent have a surface wh*h * J° "* h 

ZJ^ue «. ocular ft* during the desired extended period o. contact in on. 
prefened embodiment, me ophmalmic ienses of the present inventor 

as defined above, surrounded, a. leas, in part, by a surface which ts mo* 
££ic and lipophoble me cor. — A hydropMic ^ 
TJlnce the compatibility of the lens with the ocular tissues and tear «u.ds. As surface 

Iter typic* decreases. There are factors other man surface hydroph,!,*, such 

r^posiuon of lipids and proteir-ceous « causes haze on MM 
visuaTclarity Proteinaceous deposits may also cause omer problems, such as rna 
T,C ^er e^ed periods of congous or interment wear, me lens mu . >. 
* from me eve for cleaning, i.e.. deposit removal. Therefore, increased surface 



wear time. 



^ . t m pnt orocesses' as used herein, refers to processes to render a surface 
■Surface treatment processes . «» and/or 
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alu ,e ,. , -cm** - ***** 9r ° UPS " SUrta ll an artiC ' e 

o, ,4, « surface proves of an a*c,e are ofher.se mcd^ed. 

„ „< n,thods disclosed in me art for rendenng a surface of a matenal 
There are a van«y of method , d«*» ^ a 

WW* F °' era,, ' ple ' ** '7 ™ jTmay be grafts onto M surface of me fens. 
— ™"*""^Z^2ZL. Tnesecoa^org^prooesses 
hereby prcducng a monoUiye ofhy P ^ axposing 

conditions. 

^Ln from me core of me prepdyme^n modure. 

gas is applied to the surface of anartde. .nm* g- ^ 

oxygen or an inert gas. 

presence of a mbcture of methane and «r. 

IV. utility 

A. Ophthalmic Lenses 

« k« inverted into ophthalmic moldings in a 
^nner known in the art » * " ^ rtBIB ,„ . suiaWe conuct lens 
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modiScabon. ophthalmic Oruo delivery devices, op 



like. 

B. Contact Lenses 



is directed to contact lenses which comprise 
A spec* embodiment o. me invenbo ^ , rang , „ 

.ssent* = novel PO*me, o, P-*»«££ ^ propert « are. for 

unu sua, and extreme* «*«£%£Z JL „ necessary .*« su^e 
— m*.** ""^Z Z Ld which is based on a balanced ratio between 

surfa ce »«* .coahngUanc £ tear d^w ^ ^ 

water content and water p.rmeab,l*y, «» J" mmM and w absence of 

nation and allergenic ' ^ of tear fluid and gases (CO, 

t0 various sal*. nuWents. water and ^ ^ ^ 

m<a abo,ic processes ,n the Mve chemlcal and mechanical 

ienses. me present — ffie unde sired binding ef.ec, 

cordon v*h me high oxygen ^ ame * sweling. Mr* 

^c, lens. The high oxygen du „ng periods o. .-ended 

M me ii^elihood o. «*r dar^e «d ^ „„ ^ 
The high *n '^ rt „ accept during a period of 

Thepre— ed-we^ 

ccmforuHe over me penod of ^ ^ ^ ^ 

no, cover any porbon of ^^J^. Th* repeated eyel^ns — n 
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aB0Ut « ,o aPou, m-me.ers, ™re P^ly -«« 13 » « - - ~« ***** 

about 13.5 to 14.8 mm. 



sr ne wrthout «^»~ ^ (b) aaowing „„, * r«™in in intimate 

adverse impact on corneal health or wearer comfort 

, ^ m .mod includes additional steps of (0 removing the lens from the ocular 
A P^^T^T ' ^ dl5in(KSns or waning *e *s>: (e) re-ap^ng the 
.nvironme* ' ^ „ ^ in Mmal e contact wi* me eye and tea, 

corneal health or wearer comfort. 

u ih. uns is worn for a continuous period of at least four (4) days 

S ^l^ZZZ* rlr dfccomfort In m * p— — *-* 
"^rT^rr^od of a. leas. -~n (7) <ays wflho* sutstanta 
tt, e lens is worn for a conttnuous p, ^bodiment. the lens Is wom 

^ ^ ^^J^^ co™- swelling or w^ 

■ , m« be manufactured, generally, by thoroughly mixing the oxyperm 
The ophthalm.c lens may be manuraciu y rt o{ ^ e mixt ure to a 

and ionoperm po*m.n^e "^.^"ST^l*- «— ** 

,ens n»« cav*. and in*a 6 n S pofyrnenzafcoa ^^^^ „«ure tc 
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rad.ation such as microwave, thermal, e-beam and ultraviolet. A preferred method of 
initiating polymerization is by application of ultraviolet radiation. 

It has been discovered that the ion and/or water permeability of some of the 
aforementioned core matenals may be increased by initiating and completing polymerization 
in an atmosphere which is substantially free of oxygen. Suitab.e gases which are readily 
commercial avaiiable include, w*hout .imrtation thereto, nfrogen and -*on*£ 
Thus in a preferred embodiment, the oxyperm and ionoperm polymenzable matenals are 
polymerized in an a^osphere ha.ng .ess than about 10000 ppm oxygen. More preferably. 
*e atmosphere surrounding the po.ymerfcable materia, contains less than about ppm 
oxygen Even more preferably, the surrounding atmosphere contains less than about 100 
ppm oxygen, while the most preferred oxygen content is less than about 20 ppm. 

in the aforementioned embodiment, the prepo.ymer mixture must be degassed prior to 
lymerfcaton. The degassing may be accomplished by a number of techniques known .n 
ZZ One technique for degassing the prepo.ymer mixture involves the use of a senes o 
treeing and thawing steps which are repeated unti. the appropriate gas concentration .eve. 
is achieved in the prepolymer mbcture. This freeze/thaw method invo.ves coohng the 
prepolymer mixture until the mbcture solidifies, applying a vacuum to the sol«drfied 
SLr mbcture. discontinuing me vacuum, and thavrfng the prepo.ymer mocture unti. the 
mbcture is again in liquid form. While this degassing technique is advantageous .n a 
^ se*n, cL degassing techn.ues known in the art may be more advantageous 
tor commercial lens manufacturing processes. 

AH.mativ.lv the atmosphere surrounding the lens mow may include oxygen, under certain 
TTfTwaJ, » me lens mold b*. seal adequate* to one another and the 

d L Irate of oxygen p*meab«y <e.g.. polypropyfcne). . i. F-~ 
^ ,1= "s P-ep^r mL. in a mold surrounded by ambient air *mou, 
IT ^7oll ^ntratons sufficiency high * subtly reduce to. o, 

IZ rh. lens is formed by the following steps: (1 ) the prepolymer mature is degassed, 
Z ens JZZ «ed 1 me prepo»mer m*ure. p, me mold r*- are seal* » 
Corner, and (4) the ^^^S^^^ 
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lens molds are stored in an inert substantially oxygen-free atmosphere, e.g.. nitrogen or 
carbon dioxide, prior to use. 

An essential feature of the manufactunng methods of the present innovate lenses is that a 
balance of high oxygen permeability and high ion permeability is achieved. Manufacturing 
techniques and conditions which resurt in lowering either the oxygen permeabilrty or the .on 
permeability below levels sufficient to maintain good corneal health and on-eye movement 
during periods of extended wear are unacceptable to produce the innovative extended-wear 
contact lenses of the present invention. 

Preferably the manufacturing method produces a contact lens having a DM of at least 70 
ban-ers/mm and a lonoton Ion Permeability Coefficient of at least 0.2 x 10« cm 2 /sec. More 
preferably the manufacturing method produces a contact lens having a DM of at least 75 
barrers/mm and a lonoton Ion Permeability Coefficient of at least 0.3 x 10* cm 2 /sec. The 
manufacturing method preferably provides a contact lens having a DkA of at least 87 
barrers/mm and a lonoton Ion Permeability Coefficient of at least 0.4 x 10 cm /sec. 

The previous disclosure will enable one having ordinary skill in the art to practice the 
invention In order to better enable the reader to understand specific embodiments and the 
advantages thereof, reference to the following examples is suggested. However, the 
following examples should not be read to limit the scope of the invention. 

Examples A-D are arranged in accordance with the materials defined above. Thus, 
Examples A-1 , A-2, etc. relate to Materia. "A* as defined above. Examples B-1 . ~ 
^e to Mater*. V as defined above. Examples C1 . C-2. etc. relate to Matena. C". and 
E«mp.es D-1. D* etc. relate to Material "D". Temperatures are stated in degrees Ce.s,us 
unless otherwise specified. 

Pxamoles E F and G are directed to demonstrating a correlation between on-eye 
^ment and the lonoton Ion Permeabi.Ky Coefficient, the lonoflux Ion Permeabilrty 
Coefficient, and the Hydrodell Water Permeability Coefficient, respectively. 



EXAMPLE A-1 



, * marmmer is prepared by reacting, at room temperature (about 21*C). one 
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„e presence of AM 0-2 £«dt * ^ mo|e |atoul 

W a,erbu,y. Connects). 610 ^o, M „. Dow Chemica, Corp.. 

38 , grams, o, ^«^> < 2£L rate .about 0.43% * PE3, are 
Midla nd. MO and a»ut 0. tg^s ^ ^ ^ ^ c „ (Wdrtch 

added .o 80 grams aMh . ^ Mmogeneou , TOS mixtu r. ,s 

Chemica, Co.) . * m „ ^ Next *e m*ure is strred «or about 8 

sti „ed a. room temperature for about ^ 

houre at a temperate o afc>* 44 ^ ^ ^ ^ 

conaan, by a surround,ng o- bam. Th ^ ^ ^ ^ 

. fl nai conoentrafcon o. about 50% b ~* s J ^ ^ o| 

isocy ana.oethyi M ^ ^ at ^ 

mirage m.eou,ar weigh, (Mn, o, about 4000 grams par mo*. 

uma vto,e, .ig« (about 300 ,0 400 „ ^ ^ „ 

^ to , about 3 hours a. room «W"^U B ° e solution to .orm a »r»a« lens 
pllot oi„«a.or. causes por^» ^ . Bopropanol . remove «. 

polysiloxane^ontaining polymeric contact lens. 

^zrrrjri:=^" 

szsssr;-- ^ 

rBd at 34-C in a wet cell (i.e.. gas streams are maintained at 
0xy9 en fluxes (J) are ^ jnstrumen , Oxygen transmission *A. . 
about 100% relative humidity) us.ng a uk 
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d8lOT „. as ou„,ned ,n the pc^ons c, the „*- ««. » «"« ^ 

and transmissibiiity. 

EXAMPLE A-2 

■« first oreoared substantially in accordance with the procedure 
A polysiloxane macromer is first prepareo 

described in Example A-1. 

containing macromer, about 15 grams * y e 

glycol dimetnacryiate f EDGM* ), anu 
room temperature for about 16 hours. 

K^r orecursor solution is then polymerized to form contact lenses. 
The copolymer precursor so precursor soluton. 

Poiypropylene contact lens molds "° fi ^™ * ^ ^ ied to ^ so.ution in the 
Unra.o,et,ight^ 

mold tor about 3 hours at room temp^ratu r, 9 ^ ^ ^ ^ 

polysiloxane macromer, aooui 
about 0.9% EDGMA. 

sufficient to rcmove f^*° e , Dk 0( ^ S 7 Mm a — content <tf 

about 1 9 weight percent. «™ . 

EXAMPLE A-3 

. , ubstanUa lly in accordance with the procedure described in 
A contact iens is prepared ,„ ^ pwcent polysiloxane 

E^pie A-2. M having me M oomposr.on » e My hyarate d 

corner, about .7% TR.S. and £ « * N » Mfrers , ^ ^en, o, 

about 30 weight percem. an« 
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a ohn, it ?0% N N-dimethylacrylamide. 
mac ron,er. about 45* TRB. 5% "uoroacrylate. and ^» *N ^ a 

™ hydrated con** ^ * <™ ^ ^ - about M MPa. 
v.a.er content of about 20 werght percent, and 

EXAMPLE A-9 

* ...nstantiallv in accordance with the procedure described in 
A contact lens is prepared substantall nn p^iioxane 

sample A.2. 

mM ,om«, about U.4% TR,S. and ^ 2 ^ J ^ . water ^ o. 
about 1 9 weight percent, 

EXAMPLE A-10 

^hstantially In accordance with the procedure described in 
A contact lens is prepared substantially n nl poiysiloxane 

tamp, Z « ^ -T^^ IL^a,.. and about 0.0% 
^er. about 1U» ™S. ^ ^ «s compost have 

xrrrrrrr^-e,,,^ 

elasticity of about 1.4 MPa. 

EXAMPLE A-11 

^ ^ntiallv in accordance with the procedure described in 
A contact .ens is prepared about 82 weig ht percent poiysiloxane 

ma cromer. about 8.6% TRIS, ^ |enses ^ ^ 

: ^r.?.:srjr » 

a modulus of elasticity of about 1 .3 MPa. 
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EXAMPLE A-12 



A contact « „ P-ed —^S^t^ - 

A-,, but ft. poivsiloxan. M» ™> ated coMrt , ens , anK 

mo dulusofelastWy of about 2A Mpa. 

EXAMPLE B-1:Macromer synthesis 

, ForaWn® ZDOL (front Ausimont S.pA Milan) 
5 , 5 g (50 mmol, ofthe P*"^^^ - 
ha *ng a mean molecuta, int0 . mree-ne* «asK together with 50 

gro ups according to end-group^ t*at,on ^ m6ar ^ m sornng 
Ig „, dibuty* derate. The ~ ™ „ repeated ^e. 22* 

a „d subset decompressed ^T^nata"* under argon are subset 
(0 ,mo„ o, fresh, «lled « - * * ^ * 

added in a counterstream of argon The » P e , reaction » 

complete. Isocyanate titration grves an ncu 

^ng a mean moiecutar we,,* o , re ^..d to app~* O.tmbar 

nation) are in^ Mo a ™££ „ fepealed wiM . The degassed alloxan. „ 
and decompressed **> «»• >" d °' 

dis s„Wed ,n homooenaation of *e solutUo, allthe 

dilaurate (DBTDL) are added. After comple |s added und „ argon. After 

penwopolyether ,.actedv**P J^l*^ -** * 
stirrin, overnight a. room 5hws 0 . 36meq/ g of hydro** 

under a high vacuum at room temperature. M 
groups (theory 0.37meq/g). 

i« ■ <- - - 2 ^r;rr:r^ 

247g offhe ^^^^on s—rfcaverage. butother btocK 
lengths are also present). The m* 
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M^rafon then no longer shows any -socyanate groups (detects hm t 0.0im*/fl). 
0.34meq/g of methacry. groups are found (theory 0.34meq/g). 

oh in this wav is completely colourless and clear. It can be stored in 

molecular weight 

EXAMPLE B-2: Macromer synthesis 
4** macromer synthesis described under Example B-1 is repeated. An 

of NCO (theory 1 .35meq/g). 

pneory 0 eomeq/g)^ The resu ^^^^ ^ >ny |socyanate 

a long shelf lite. 

EXAMPLE B-3: Macromer synthesis 

Th. M step o. *e m^mer synthesis d«M under ^e B-1 * repeated. M 

Hie nrsi siew u c nm hiin® ZDOLTX (from Ausimont S.p A. 

y , ng a dfleren, ^ ^^hToCH^OH (where n . 0, i or Z, The 

1.25meq/g). 

added. After the reaction has been cam* 
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, -n, has been removed. a hydroxy! group con.en, o. 0.63me,/g . 
solvent has been intermedrate is in turn reacted witn a 

sl0 icn,o m e« : amo n ™ ^ ^ ^ ^ 

dear and has a long shell life. 

EXAMPLE B-4: Macromer synthesis 

1.36meq/g)- 

♦ nf the svnthesis described under Example B-1 is likewise carried out 

rrrrrrrrzzr. 

groups (theory 0.1 8meq/g). 
Tne,h,rds,e P o ( »es^^^^^ 

EXAMPLE B-5: Production of contact lenses 

from Example B-1 are dissolve in 5.6 g cf ethanol (Fluka. puriss. p.a.) 
, 3.0 g of macromer from ^ m * e * homogenization ot me solution. S.2 g ol 3- 
P 0* W weigh. SOIUW _ ^ producl N „. KF-2B0,,. M 

W s( W methy1silo<v)sirylp™Py and 160 mg ol photoin «ia, 0 r Darocur. 1 173 

gotfreshlvdi^eddime^ 

(Ciba) are added. ™"Z£ZL 1 » * - The Mered solufcn . frozen in a 
0.45 mm under an argon ressu • ^ ^ ^ ^ „ solutlon , 5 

tok in liquid nitrogen, the «ask « . oper>tk)n „ repeat ed 
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glove box with an inert-gas atmosphere, where the solution is pipetted into dust-free 
contact-lens moulds made from polypropylene. The moulds are closed, and the 
polymerization reaction is effected by UV irradiation (15mW/cm J . 5 mm.), with s.multaneous 
crosslinking The moulds are then opened and placed in ethanol. causing the resultant 
,enses to swell out of the moulds. The lenses are extracted for 24 hours with constantly 
replenished distilled dichloromethane and subsequently dned in a high vacuum. The dned 
lenses are equilibrated in phosphate-buffered physiological saline solution .n autoclave 
resistant vials and then autoclaved at 1 20'C for 30 minutes. All physical data 
measurements are carried out on autoclaved lenses. 

The lenses produced in this way are characterized by the following values: oxygen per- 
meability (Dk) 77 barrer (determined by the "wet" method described below), water content of 
the equilibrated lenses 32 percent by weight, elongation at break at 35'C 360%. modulus of 
elasticity 30'C O.SMPa (measured using a Minimal from Polymer Laboratones. UK). 

-w«t" measurement of the 0 *70*0 permeability: 

The oxygen permeability of a material is determined by the coulometric method. To th.s 
end pre-autoclaved lenses are clamped in a holder and then covered on the upper s.de 
with a 2 cm layer of water. A gas mixture comprising 21 % of oxygen and 79% of nrtrogen » 
passed continuously through the water layer with swirling. The oxygen wh.ch 
trough the lens is measured using a coulometric detector. The 
measured on commercially available contact lenses using this method. Cbasoft (CU*- 
Vsion. HEMA lens) gives a measurement of appro* MO barrer. and Excelens (CIBA- 
Vision, PVA lens) gives a measurement of approx. 22 barrer. 

Unfortunately, ft. oxygen permeate of. for example, contact lenses is frequent* given in 
*e .iterature as a straight Dk value without further definition and frequency w,thout grvmg 
any reference material. These are usually values determined on dry matena. (dry 
measurement). A comparative measurement of the oxygen permeabi.rty of polymer B-5 
shows the differences: 

a) -wef measurement: 77 barrer. but b) dry measurement: 158 barrer 

EXAMPLE B-6 

T*e process described under Examp* B-5 for «,. production of contact lenses is repeated, 
rr^ure 0. comonomers has the foiiowin, cordon r,n per cent by w e , g ht). 
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55 % of macromer from Example B-1 

22 % of TRIS 
22.5 % of DMA 

0.5 % of Blemer® QA 

EXAMPLE B-7 

h -h«i under Example B-5 for the production of contact lenses is repeated. 

55 % of macromer from Example B-1 
22% of TRIS 

23 % of DMA 

EXAMPLE B-8 

Analogously to EXAMPLE B-5 (in weight percent): 
40 % of macromer from Example B-1 
30 % of TRIS 
30 % of DMA 

EXAMPLE B-9 

w „nd«r B-5 for the production of contact lenses is repeated, but a 
The process descnbed under B-5 for the p ^ fay we , ght 

composition (in percent by weight): 

55 % of macromer from Example B-1 
22% of TRIS 
23 % of DMA 

EXAMPLE B-10 

a r s for the production of contact lenses is repeated, but a 
The process described under B-5 for* prod ^^ >||BllIoiane is use d instead of 

-weight so^U^ 

the 75% by weight solution » ethano 

Wowing compose On percent by we,ght). 
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55 % of macromer 

22 % of TRIS 

23 % of DMA 



from Example B-1 



tnata for the contact lens matenals from 
P^"-^*J^Ld h TABLE W 



Examples B-5 to B-1 0(O 2 



Dk value, wet 



method) are presented 



TABLE B-l 




EXAMPLE B-11 



ffiuka punss. pa). Atter comH , . -me from Shin-Etsu. product no - 

about 5.9 9 ' ammonium substtuents. un 

methane ha«ng qua.em*Y ^ ^ . g 

of pho,oin«a,or Darocu* 11* £ ^ ^ ^ ^ ^ an ^ pressure 
TEFLON membrane havmg a pore 

1K>2atm ' * .»,i< is evacuated under a high 

passing operate * * * ^ „„ „ iMrt gas atmosphere. m 

and the polymerization react.o 
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Dk [barTer]: 
water content [%]'■ 
modulus of elasticity [Mpa]: 



93 

20.3% 
0.96 



EXAMPLE B-12 



•«h th, nrocedures described in Example B-1 1 . but are 
L enses are prepared in accordance v*th the p ccedu- ^ & ^ 

subsequent surface treated as «^^Tm-h«r«r mature fair", as used 
^apparatus wherein «^^^ ap ^ ^ 
h er, denote, 79% "^^ 2 J^i *sc,osed by H. Yasuda in "Plasma 



presented below: ^ 
Dk (barrer]: ^ g% 

water content !%]• ^ q;j 



modulus of elasticity [Mpa]: 

EXAMPLE B-13 

=::====~: — - — 

^Pvamole B-1: ovr* 



Macromer of Example B-1: 60% 

,5% 

DMA: 



WO 96/3 1792 



-80 - 



PCT/EP96/01265 



EXAMPLE B-14 

. ■ ^dance with the procedures described in Example B-6. with the 
,ens molds in ambient air atmosphere. 

EXAMPLE C-1 

■ * nationalized oolvdimethylsiloxane employed for the 
men subiected to molecular distillation. 

Vapour Fissure ^ ^ d ^ n e in » -< - 

dro pwise to a suspanaono, ^ una „, b(!tone has 

a^otuta THF and the modure . ° chromatography (IUS: — 

re a=ted completer, »^ - £^£c^> su ^phospnoromo^i= add 
g* HWWWraWW a ^ 6 ' 3 ^ Zaaction solution * epn«ntrated to dryness 

ir^rrrz- 

^ product obtained above (213.3 OTOunts „ diBut>M i„ dilaurat. 

(DBTDL). U . ^Thls corresponds to a concent o. . 2 
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„, h ice 227 2 g of a colourless rubber-elastic 
(0 03mbar) for 24 hours, while cooling w.th ice. g 

product of high optical transparency remain. 

EXAMPLE C-2toC-7 

, onk .ci ar« reacted with a different amount of 

summarized in Table C-l 




Petrarch-H Is. GP4 and GP6 are products from Genesee. 
•Amino groups per macromer chain 
Glu:D ( + ) gluconic acid d-lactone 

term: terminal 
pen: pendent 
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EXAMPLE C-8 



urith P^mole C-1 but instead of D(+)gluconic 
^ .acfon ,s earned out , l spende d in 50 of afcso.ute 

add d-.actcne, 75 mmo. of "^^J^^ po.yd.met^ne (X-22- 
THF, are added dropv.se to ■ * ^ DMS0 (pur , 99%) . TWtti of the amino 

, 61 .0) in 1 80 m, of ^7^.^ 00^ of 9S% «U>1 « of NHtf- 

EXAMPLE C-9andC-lO 
nece ssary tor add«on o, ^ ^CO, or - 

^r:^-— ----~ r ■- ,M " ,B, ■ 

corresponding to Example 01. 

EXAMPLE C-11 

3^ „. suspension to added dropw*e « a s^o thf and 20 ml of OMSO (pure, 99*). 

beacon «me „ ^* - - "T 

^ be de.ec.ed. and * ^ T^.^ The cotouness high* «nsparen. 



EXAMPLE C-1 2 
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..„, is 0 ,3Wg The terminal am.no groups ol me result penta- 
c ., The — lactone ,n me foliowing reason step .1 * Q 

Block -romer < ^« ^ ^ ^ g ? „ DWgl c ac, d- 

(5 .,46 meq o. NHd oT the a jhf and tne suspense is smed unde 

, actone a ,e suspended n 300 ml o< a ^ ^ m , esldoe 1S 

EXAMPLE C-13 

to 15 a of polyldimethylsiloxane-co-methyinydro- 
3.0 m, o. absolute toluene aread d- »«go ^ ^ , ^ g ^ mmoI) 

», payer Silopren 10 *£ •„ ^ added . The mi*ure * frozen ™«* 
0 , ^phthalimide |CAS R» Na e a3a i. The fiask is 

^es and the .as. °solu«on o, Umorea* cata*. spared 

men , et dovm = . M mo, a OAK ^ ^ ^ ^ „ , 

in accordance wth US 3,220,972 Ume o) M ar houf , . 

0 , sm is added and the nW» » spec ,rum o, « no longer snows 

coloudess. clear to slight* cloudy so.u»on ■*> >" 
resonances of allytic hydrogen atoms, is obtained. 

— , s.2 B 0,3 -^r^ 

trwe:-rroCs;:-on^.eppmandan W ense,esonance, 

severely weanen nvdraoen atoms. 

0.5 ppm. which originates from Si-CH, hydros 

*«, in order to react the remaining excess of Si-H groups. 
„ m , of ,-h.xene are men added s orter to ^ ^ ^ 

^h could omerwise cause crossing o me poK™ ^ ^ ^ 

mMu re * further *- - •« *» 9 e, column with hexane/ethyl acetate 

10 ^ overnight. The product . P-*^*,, ^ under . hig n vacuum. A 
(3:2 , .he so*en, is striPP**- - _r purified * mis way * taxen up 

cotourless. clear, viscous l""""^ „ ethan0 „ are added and ft. mixture . 
in 20 m, of hexane. 20 m, of "-*££Ln*» prec ip«a,e separates out. Mer 30 
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t.H and the residue is men dried under a h.gh vacuum. 
MMr and v*=ous. The amine group content ,s 76.6% of theory. 

prooU C are disced * ^^Ipeln, are carhed ou, ,n an argon 

and let down with argon. All the following p* ^ Because o( 

^sphere. 7,a mg o, ~ ^ ^ " 

me ^ solub* o, me been used compel, The 

^ me solution is dear and the MM h ^ ^ ^ ^ 

remaining amount o, «. W« -"H^ 0( Lacted M» » 

„e mtture is sirred again ,.,er —graphy on siiica ge 

Comptetion of the reaction . «»^^- (6;1:3) . The silica gel plates are 

developed by meahS of <W )«■** ^ ^ ^ o( < o ,*. Alter «.tra«on and 

^-*^P-^-•-- ,, ' ,, ■ ,,,- ■ 

EXAMPLE C-14 

dime*ylacrylamid. (DMA) and ^"T^ ^ „,„„„ „, ba. 0.60 g (8.1 ««* <* 

DMA and 1 .44 g (3.4 - ™" ^ ^ ^ te ^gofmacrometfrom 
^isflushedwithN^rhalfanhour ^ = ^ enarachmert , 

c-1 are » '^^l ^ disso^ed * 27 g of — — ' 

degassed under 3 Pa (0.03 mbar) for 24 nou ot 
his been lushed with N: tor half an hour MMM* ^ ^ ^ ^ 

The above monomer mature and tn . «*-«^ me mb(Wre „ su ^ e d Jo 

we add-on o, 0.0,2 g '^'jXrLur. are introduced into a polyene 
rtcrofiltration (0.45 mm filter). 160 U o 
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, rrad ,a,ed vrfn a UV-A mer W ressu « P TLK40W/10R , Pn ,„p S , are 

above and below the holder insenea. 

■ arlH th - finished discs or lenses are removed by 

soaking by means of • «"«^ e in speda , polygene cages tor 

barrier and a hardness (Shore A) of 53. 

EXAMPLE C-15toC-l9 
^ in a manner corresponding to Example C-H (composition in 

resulting materials measured on d.scs. 

TABLE C-ll 



Example 


Water 




Content 




1%1 


C-15 


not 




tested _ . 


C-16 _ 


19.9 _, 


_C-17 


25.1 _ 


C-18 


17.5 _ 


C-19 


23.4 J 



Legend: 

nMA: N N-Dimethytacrylamide 
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EXAMPLE C-20: Uncoated contact lens 



^ manner correspond^ to Examp.e C-14, us.ng the Example 
A contact lens * prepared ,n a percentages by we.ght 

C-3 macromer, with the to.tow.ng composrt.cn pe 

33 3 

Macromer: 

DMA: M ' 3 ' 

TB,S: 33 ' 4 M ,nrt a water content ot about 20.0 weight percent. The 

™ - - • «* * ^ "mpa^n coat* ,ens propel- 

results are presented m TABLE O"' " 



EXAMPLE C-21: Plasma-treated contact lens 



• ^danc. with the procedures described in Example O20 are 

Oned lenses prepared ,n „ tenses are surface seated In a 

^starred Into a p.sma coa»n g nmgen md 21 * oxygen). Th, 

air - mtture fair", as di!Cl05ed w H. Yasuda in -Pfcsma 

pnosphate-butered has , o* (barter) o. 90 and a water 

atcut 120-C. Tne piasma-treated auWdaved ^ w*h coated 

content of 21 .5*. The results n P«s«n>«< T» 
lens properties. 



TABLE C-IH 




EXAMPLE C-22 



nri, to Example C-14 with the following comonomer 
The syhthesis of this polymer 3 2.8%/32.6%/34.2% On pelages by 

^pos.0. Example 
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thp water content is 25.1% (after 30 

EXAMPLE C-23 

= r , 4 but the polymerization is earned out 

Example C-7 macromer: 

vvin yi-2-pyrrolidone(NVP): 24%. 
acrylonririie (AN): 

The disc hardness (shore A) is 68. 

EXAMPLE C-24 

**h Example C-14 but with the following 
. , rtllt in accordance with Example ^ 
The polymerization is earned out in acco 

changed comonomer compo-oK 1% {in ^tages by weight) of 

corner of Example C-7/1BA/TRIS 20* ^ ^ with an E 

o^etha^^ 

modulus of 0.4MPa. a permeabilrty to oxyg* 

is obtained. 

EXAMPLES C-25 through C27 

aredinac^dancew^^ 
The compositions in weight perceniag 
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where IBA is isobutylacrylate, 

nMA is N N-Dirnethylacrylamide. 

rZ is ^emac^.cy.oxypropyl-tris^methy.silo.y) silane. 

HFBA is 2,2,3.4,4,4-hexafluorobutyl acrylate. 

EXAMPLE C-28 

• ^ out in accordance with Example C-14 but with the following 

33.3%. An optically clear polymer is obtained. 

EXAMPLE D-1: Macromer Synthesis 

p^en, dibu*«n „ |mmereed ln .„ oil baft atop a s U , piate. 

me container along a s»r bar ^ * **o«t 2 p-g I. P*** over ft. 

and secured in place vrth a damp, ^^^ufi (about 22*C) lor about 24 hours. An 

Iterative procedure follows m wh«:n m ^ mixture „ 

EXAMPLE D-2: Lens fabrication 
Aprepo^e— = 

^ r>,. about 14 «™ - ™ im phoMH.. and abou.20 

abo ut t gram metric ^^J^ minutes « ,00m tempera. Ne«, ft. 

mixture is degassed via a senes » ^ w „ a 

nitrogen baft until ft. = * ~ ^ ^ conta.ner is piaced in 
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T Tne polygon is eflecled by applying UV ,ad,a,,on (aPc u , « , 
a ' m ° SP „d a« S L„, The resultmg ft* grated contact lens has a water 

^T^% ^ - - ■ * - — 1 1 5 and 3 modu,us 01 e,as6c ,v 

of about 2 M Pa. 

EXAMPLE D-3: Lens fabrication 
„h in accordance with the procedure described in Example D-2. with 
me difference ^be»ig ^ contact lens has a water 

of about 1.8 Mpa. 

EXAMPLE E-1 (Material A) 

, h ,.ns is prepared substantially in accordance with the procedure described in 
^« Pn^ymer^on. the proportion mature , degassed by cooling 
Tp, e^eLure 1 «a.uid n^en unu, the mixture soiidtfes and is neaM, q u,d 

on me P re P°* me J* lens has an equilibrium water content of about 19%. 

,o form the contact lens. The »W < h ,„ amosphere 0( 

Z*» ^VO-^OOA <P*smac*r, Bedford. ^ 
Z lonoton ,on Permeability Coefficient o, .he ens .Ml x 10 cm /s ^ 
examination shows that the lens moves on the human eye. See 
the results. 

EXAMPLE E-2 (Material B) 

^ substantially in accordance with the procedure described in 
A contact lens is prepared substant.a..y ^ , r 

Example B-10. Prior to po.ymerizat.on, mtrogen gas » bubb.ed 
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frnm me orepolymer m.xture. The prepolymer mixture is 
miXtu re ,n order to remove ^^^^ The cured .ens has an ecu,.- 

— rrrrr.-.. -•■ 

summary of the results. 

EXAMPLE E-3 (Material B) 

M ™ » ^ e 7^: p :^t p-epo^er m«ure is cure, in . 
repeated P—*" - cured |ens has .„ aqdMn water 

nrtro9 en adhere to *m ™ "^J^ ^ ** 'ens " *■"» — < ** 

the results. 

EXAMPLE E-4 (Material B) 

g^pte B-,2. Prior to ^'^^T^, prepo*™ mb^r. is ~red in a 
repeated tree^aw procure - 6- £= „ .,*Hum water 
nitrog en <° W- *• . curtng . *. tens is *sma treated for 

the results. 

EXAMPLE E-5 (Material B) 
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■ pn atmosphere to torn the contact lens. The cured lens has an equilibrium water 
the results. 

EXAMPLE E-6 (Material B) 
^ enh^tantiallv in accordance with the procedure described in 

2 J«Zw p£*» o. Example E-1 . me prepolyme, m*ure is cured ,n a 

a— e to ton. ** -tact ™ — - 
T , „. about 30 weight percent Tne lens is not subsequently coated. 

examination shows mat the lens moves on me human eye. See Table 
the resutts. 

EXAMPLE E-7 (Material C) 
^ ohstantiallv in accordance with the procedure described in 

ratia ■ . ih 0 ipns is 2 9 x 1 0' 3 cm 2 /sec. Clinical 

T*e tonoton ,on Pe,meab«y Coe^ent <rf J- *« » * , — „ 

examination shows that the lens moves on the human eye. 

the results. 

EXAMPLE E-8 (Material C) 
. w ♦.^ih/ in accordance with the procedure described in 
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' ati0 - ^ * fln . of me lens is 0.25 x 1 0 3 cm J /sec. Clinical 

zzzzzszz- — —.-.—« 

the results. 

EXAMPLE E-9 (Material C) 

— — 

C* *•» « prepolymw m « ur , ,s cu^ in an air 

repe a,ed Teeze/maw P^£"£££ ^ *. .ens * no. surface uea.ec 
am-osphere .0 tan. «. co«a« 8*w ^ ^ ^ 

rsrsssr-- 

summary of the results. 

EXAMPLE E-10 (Material D) 

A — ^^^^^^ 

^e M. Pnor » po^«- ^ r mMur , is cured in a 

r;rr^^^ ; -•-•' , - fc,,,,-,,, 

treated. . _ . ^ ,. ns fe 1 4 x 1 cm 2 /sec. Oinical 

rr:rrrrr::=- 

the results. 

EXAMPLE E-11 (Material D) 
repe3 ,ed freezeAhaw prccedurc o. E»*» ^ „ plasma 

rr.-rr.rr.-r::: 1 — 



ratio. 
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the results. 

EXAMPLE E-12 (Material D) 

~, .Manually in accordance with the procedure described in 
A contact lens is prepared •*»■**' mi)au ,e is degassed b, me 

r^ple 0-2. Prior to P*^^^,,. prepolyme r m*tu,e is cured in a 
repe a.ed treezerthaw procedur », ent t o curing, ft. lens is P»sma 

^ lon „,„n ,on Per— Cedent o, the ,.ns is 1.S * ^ «inicai ^ 
^ minaflon shows that me lens moves on the human eye. See Tabie <o 
the results. 

EXAMPLE E-13 (Material D) 
h .uhstantially in accordance with the procedure described in 

hilrtv coefficient of the lens is -0.001 x 10* cm'/sec. Clinical 

summary of the results. 
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hP 1 3 of Table E, the lowest value of lonoton Ion 
Considering Examples E-1 ^^^^o^^ The 
Permeab,* Coeffic.ent or ^ ^ a , ens whtch ^ on me eye „ 

higneS t va.ue of lonoton .on ^ ^ ^ ^ 

0.008 x 10 ' cm'/sec Thu, a con** ns P ^ ^ ^ ^ M 

Coefficient greater than about 0.008X10 

0.25 x10' 3 cm J /sec. 

EXAMPLE F-1 (Material C) 
^ Mutually in accordance with the procedure described in 

A contact .ens ^J^ZZ* - *"-« *« — ^ ' 

Example C-25. Pnor to surface ire 
determined to be about 0 mm /m.n. 

,« ma nt* the lens surface is coated with 
Subs eo.uen. to ion ^owin, procedure. «*■ • — 

p*W*- C VP) 10 ~ elctrcde and a 27.13 MHz -a* frequency 

reactor equipped * an -"^X"** «° M •*"»• 
BF) s enera,or .or the ^ . .'earner gas «o, N-^pyrrolidone 

Mto w me plasn* glow zone. The ^ ■ *« „ „ «. (st3 nda,d cuh,c 

0.009 mtar. Subouent ,o -""^Xi-" - ** °-' 5 ^ "* ™ 
^meters), me glow discharge . * » P ^ ^ and acMte the ,en 

fcf ab0 u. on. minute at a cower of about ; 1 »« I ^ ^ ^ ^ 

M Mer reduce - ™ temperature o. fh. NVP source ,w»h 

,ow for me NVP monomer » alsose t» ^ ^ The lenses are 

„r,d the carrier gas flow, the reactor is continuously 
A „e, interrupt the glow discharge* ^ • 0.009 mhar for about 30 

contact lenses thus priced are g V 
angles, measured w«h a KRUeSSI 
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c^* Tahie F tor a summary of 
the results. 

EXAMPLE F-2 (Material C) 

^ Hstantia.lv in accordance with the procedure described in 
A contact lens is prepared ^ lon p e rmeaa>*y Coefficient ,s 

E^mp-e C26. Prior to ^T^ S^ to ion per.eabi.rty measurements, 
.eter^ed to be ^^^ ^done « in Example F-1. Clinical tests show 
*e .ens surface is coated wrth P*"^ ^ & „ ^ resufts . 

the lens does not move on the eye. See Tab 

EXAMPLE F-3 (Material C) 

^e C-a7. PHor ,0 surface -^'^ B ton permed measurements. 

tenS surface Is coat* f tor a summary of aw results, 

tta, me lens does not move on S» eye- 

EXAMPLE F-4 (Material C) 

^tes.s.^.-ensmo.on^.Sae.- — 

resutts. 
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EXAMPLE F-5 (Material C) 

I in 



-h ...t»t»ntially in accordance with the procedure descnbed ,r 
A contact .ens ,s prepared su — IS 

C ' 16 - ^ r 3 Tl O W rn,n. Subset to ,on per— measurements, 
det ermined to be abo* 1.3x , > ™ „ , n ^ M . a.nica, tests show 

^ « surface . P£ p ^ & „ of ^ resutts . 

that tne lens moves on the eye. =.= 

EXAMPLE F-6 (Material C) 

- ...nstantiallv in accordance with the procedure described in 
A contact lens is prepared the lono«ux ion Permea«y Coefficient ,s 

***** C19. P* to ^« — n sutewuert „ ion pen.eati.rty measurements. 

EXAMPLE F-7 (Material C) 

. ^naally in accordance with the procedure descnbed in 
A contact lens Is prepared me 10 no«ux ion P.n™abi«y Coefficient ,s 

Example C-,7. ^»^r££, Subsequent to ion permeabiWy measurements. 

EXAMPLE F-8 (Material B) 

^ .obstante* m accordance wrrh the procedure descnbed in 
A contact lens Is prepared , on p^wy Coefficient • 

Example B-,3. Prior to — Sequent to ion permeability measurement, 

vermin* .0 be about i. >j£L*** as in Example F-, . »ica, tests show 
me te „s surface is coated Tab , e F tor . „ 0. the results, 

mat the lens does not move on the eye. 

EXAMPLE F-9 (Matenal B) 
. hslantially m accordance with the procedure described in 

A contact lens * P~££^ « «*» - ^ " 

Example B-1 4. Pnor to surface 



WO W/31792 



- 98 • 



■ n ~i to be about 1 1 x 10< mm 2 /m in . Subsequent to ,on permeabilrty measurements. 

- PO.W.nv^o.one as ,n Examp.e ,, C-.n.ca, tests show 
,ens d oes not move on the eye. See Tab, F for a s« of the resuKs. 

EXAMPLE F-10 (Material B) 

„ lens is prepared substantially in accordance with the procedure described in 

, to e B ^surface treatment, ft. lonoflux lon P.rmeabi.r* Cogent ,s 

I o Labi 3 8X10' mm'/min. Subsequent* ion permeabilr* measurement 
determined to Deaoouxo.o a iw r.inirai tests show 

,he lens surface is coated «h polyvinylpyrrolidone as .n Example F-1 . Clod MB 
mat me lens moves on the eye. See Table F for a summary ot the results. 

EXAMPLE F-11 (Material B) 

A contact lens is prepared substantia* in accordance «h me procedure descnbed in 
= Til M Prior to surface treatment, me lonoflux lon Permeability Coeftiaent ,s 

^ Labi 8 5x10- mm'/min. Subsequent to ion permeabiKy measurement,. 

determined to be about o.d x iu Clinical tests show 

me lens surface is coated wtm polyvinylpyrrolidone as ,n Example F^ On* 
M me lens moves on me eye. See Table F for a summary of me resul*. 

EXAMPLE F-1 2 (Material B) 

_ - ..ns is oreoared substantially in accordance wtm me procedure described in 
£ "Tm VZZZZJL. ft. lono^ux ,on Permeac* Coef.ci.nt is 

^o bTTblu, 7 1X10' mm'/min. Subsequent to ion permeabiKy measurement 
:Z stl i^ - poly.nyipynolidone as , Exam,. F-1. Clinical .es* show 
Ta * eler^ovesonmeeye. See Table F for. summary ofthe-esu,.. 
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TABLE F 



EXAMPLE 



MATERIAL 
(Example reference 
number) 



IONOFLUX ION 
PERMEABILITY 
COEFFICIENT* 

|mm 2 /mln] 



ON-EYE MOVEMENT 
•CLINICAL 
DETEMINATiON 




. M , onoto Ion Pe— Coeffic-nts - — on uncoate* lenses. 



.. k[ nofTableF the lowest value of lonoflux Ion 
Consider only M *»* F " 13 *™ ^ „ „ „ 10 < ^/mi. The 

Pe— Coefficient » which a ^ ^ w a, on .he eve „ 

hig hes< value o, ,ono,u» ,on P^eaM* 0— * a ,„„ permeablKy 

I0*mm 2 /min. 

EXAMPLE G-1 

irzr-J=r- — 

summary of the results. 



WO 94/31792 



. 100 - 



PCT/LP96A)1065 



EXAMPLE G-2 

summary of the results. 

EXAMPLE G-3 

TaWe G tor a summary of me results. 

EXAMPLE G-4 

- K-.n«llv in accordance with the procedure described in 
A contact lens is prepared ***** . r acMrtance ^ „ 
« C9. The lens .s water PenTO a*y Coe^ent is 

"..ye. SeeTaaeGtorasumma^.theresults. 

EXAMPLE G-5 

summary of the results. 

EXAMPLE G-6 

—•^r=--rrx ~ 

Table G for a summary of the results. 
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TABLE G 



HYDRODELL WATER 
PERMEABILITY 
COEFFICIENT 



ON-EYE MOVE- 
MENT -CLINICAL 
DETERMINATION 




Water Permeabi«*Coe*ci.mforwh l ^^^^^ 

■0- highest value o. Hydrodel, Water ^^^T , Hydradell water 
eye is 0.0B x 10* cm',sec. Thus, a contact ens « ^ ^ 
Permeability Coefficient grealer than about 0.08x10 cm/s 
than 0.27 xio'cnftsec. 

embodiments, in order to enable me reader to p ^ ^ „ 

eip enn— ■ ^^^^^0,,.^ * 
understand the invent™, but suoh theones d ^ ^ o( „, 

addition, a person having ordinary sk« the a* - r y ^ ^ ^ a 

previous components, composes, and paameters™ 

Enable extent without departing tom t0 ^nce the 

termor, «, headings, example maten i or •» , he 5COpe o( 

read er-s comprehension of «. *• >° - " ~ 

me present *ven«on. Accord, ^ « «MM < ^ ^ „ 
defined by the following damn, reasonable ext 
interpreted in view of the disclosure mm. 
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CLAIMS: 



Hthaimicallv compatible inner and outer surfaces, said lens 
, . * opntna.m.c ,ens intimate contact v*h ocu.ar fssue 

^ng surted to extended penods o^ wea- co ^ ^ ^ ^ 

(^eastone^ 
serein said lens allows oxygen permeaton ^ ^ 

hearth and wearer comfort during a pencd of extended, cont, 

tissue and ocu.ar fluids, and ^ ^.^ ^ ^ the lens 

serein said .ens .lows >o orwa er ^ ^ ^ ^ wearer ^ 

;:;r P ^ 

fluids. 

, wherein said ophthalmic lens is selected from the group 

3 . w ophthalmic lens o, cUim 2. when* said I- is a contact lens. 

4 An ophthatmic lens o, .aim , . where, said ophthamic lens has an oxygen 
^nsmissibility of at .east about 70 barrers/mm. 

5An oph,ha,mic 1 .nso t d,m4.w,.re,sa.doph ttB ,miclenshas-an= W n 
tn.nsmissibilWo.a.leas.abou.TSbarre.s/mm. 

, , mS wherein said ophthalmic lens has an oxygen 
6 An ophthalmic lens of claim 5, where* sa 

tnnsmissibiltty of a. least about 67 barrers/mm. 

Ki^in said polymeric material comprises an ionoperm 



surface of the ophthalmic lens. 
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. „„nmalmic lens of cla,m 1 . wherein S a,d poiymenc material compnses an o*yperm 

: h ; 5 : *» « - — - - — - - - ou,er 

surface of the ophthalmic lens. 

■ , Mrtaimi wherein said polymeric material comprises a plurality of 
9 . An ophthalm.c lens of cla.m 1 . where.n sa p y continuously 

ophthaimic lens to the outer surface of me ophthalmic fcna. 

,ens to the outer surface of the ophthalmic lens. 

• , „<,. ai mi wherein said polymeric material comprises at least one 
, 1 . An ophthalm IC lens of dan. 1 , wherem sa.o pory £ lens 

oxygen pathway which extends continuously from the .nner surface 
to the outer surface of the ophthalmic lens. 

, m Haim 1 wherein said polymeric material comprises a plurality of 
' 2 T^tCsTI oT Z - - =-.er pathway an. a. ,as, one 

the lens to the outer surface of the lens. 

. m h.ir. 1 2 wherein said co-continuous pathways include a 

containing polymeric material. 

, • u*. of claim 12 wherein said pathways have a domain size which is 

eye of the wearer. 

Coefficient ot greater than about 0.2X10 cm /see. 
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^en.olg-ea, abo* 0, * i0*cmW 

, , . „ op h*a, m c >» - - i e. — « - „ Pe.eab,,, 

Coefficento. greater than about 0.4x10 cm, sec. 

ar .ater man about 1.5 x 10* mm'/min. 
o, greater than about 2.6 x 10 W/rm 

20An op^ l e,o f ^1,^e i n^ l ens h asa„^O^Co.«c i , n , 
of greater man about 6.4 x 10* mmVm,n. 

, M claim 1 wherein said lens has a Hydrodell Water Permeability 

Se^clo. 0^^^0.3X10' cmVsec. 

a ^.-aH^WaterPe— 
Coeffirtento.greawrwnabout0.4x10 cm/sec 

Technique. 
Bulk Technique. 
Bulk Technique. 
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27 „ ophtha,m,c iens o, clam , . where, sa,d lens copses a »e polymenc ™«er,al 
Jd Z oph.na>m,ca,,y compare — e which * a hydropM.c surface, where, » 
surface is more hydrophifc man said core. 

28 . A n ophthalmic lens o. ctfm 27. herein said hydrophilic surface is a hydrophilic 
polymeric surface coating. 

2 , An o P h,ha,mic lens of Cairn * - **** «"~ ~"" * * ' 

plasma coating process. 

• , „« H.im 29 wherein said plasma coating is generated in the 

30. An ophmawc lens of Cam »*» ^ „, sf0up ^ng 

presence of a mixture of (a) aC,< alKane ana i j a 
of nwogen. argon, oxygen, air and mixtures thereof. 

81 An ophmaMc iens of d*. 30. wherein said piasma cotfng is generated in me 
presence of a mixture of methane and a.r. 

32 . An ophthalmic iens of c*m 1 . — n said oxyperm pcW* mate*, * a 
siloxane-containing macromer. 

• , m H»m 32 wherein said siloxane-containing macromer is a 

Tumber average motecuiar weigh, o, a. teas, aho«,700. 

, u 32 wherein said polymeric material is formed from a 

weight siloxane-containing monomer. 

monomer is TRIS. 

, • Mns of claim 1. wherein said polymeric material is formed from a 
37 An ophthalmic lens of ciaim , 
poiymerizable mixture comprising: 
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(a , about 60 to about 85 weight percent oxyperm macromer; and 
(b) about 1 5 to about 40 weight percent .onoperm monomer. 

38 . ^ ophtha.m.c .ens of c.a,m 37. where, said po.ymeric matena, is formed from a 
Dotvmerizable mixture comprising: 

(a) about 70 to about 82 weight percent oxyperm macromer; and 

(b) about 18 to about 30 weight percent ionoperm monomer. 

39 . An o P htha.mic .ens of Cairn 1 . wherein said po.ymeric matenai is formed from a 
oolymeriiable mixture comprising: 

(a) about 30 to 60 weight percent oxyperm macromer; 

about 20 to 40 weigh, percent ionoperm polymenzabie ma,enal; and 
J,, abou, , e 35 weigh, percent TRIS. basrf on the total iens we,ght. 

40 An ophthaimic lens otclaim 1. wherein said pdymrtc ^J^~£T 
^ut 5 to about 94 weigh, percent o. a macromer h»nng the formuia. 



D X^rB*ftV H, n^ VV T"f 



0 

Rl5 CO R 13 — *( 



H H H L R U 



F«1 



R 



l 2 



O ° 



8 8 II fi 

H 



H 



wherein: 

r 1 and R 2 are selected from C,-C arkyl, 

* p. R„. and R„.re selected from Crf aWene. 
R »ndR,.are selected IromC-Calkylene. 

« 1 !nd R are selected from linear or branched lower al^ene. 
:rpi:Xen,,o, 0 neano,her.,reabou,3 l oabo U ,44..nd 

nis about 13 to about 80. 
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maimer has a number-ave-age mclecuia- wight of 2000 to 1 0.000; 

S !^ 1 «o abou, 30 weigh, percent o, ah achate or mediate moncme, - 
m\ n to 5 weiqht percent cross-linking agent; 

1!^: — a, hase* upon the dry weigh, o, »e ^ymer 

components. 

41 . An ophthalmic lens of c.aim 40. wherein said lens is a contact lens. 

42 ^ cp*-* lens of clam 1. wherein said po.ymehc maten* comphs* a po.ymer 
formed by polymerization of at least one macromer of formula (I): 



p,.(Y) m -(L-X,)p-Q-(Xi-L)»-(Y)«-Pi 



(I) 



h p indeoendently of the others, is a free-radical-polymerizable group; 
where each P, .ndependentiy o .CONHCONH-. -OCONHCO-. 

-NHCOO- or -OCONH-; and 

q is a bivalent polymer fragment consisting of the segments: 

-(E) h -Z-CFr(OCF 2 ),-(OCF J CF a ) y -OCFrZ-(E) k -, 
(a) v 

is a bond; h ^ a va | ue of from 0 to 2. 

each E, independent o< the others. . <PC*CHJ. . , 
and where the link «• represents me sequence •Z-IOCH.CH,). . 



kisOor 1; 



?' r L 
— Alk— Si-fO— Si-f-Alk 

R 2 



L_ — 'n 
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^eren.s an integer from 5 to 100; 

m , s a.Ky.ene ha» 9 up to 20 „ one „ ome , are and 

a0 ,0C% c, w R ^ n ^ ndeperdently oto „, ano*.-. are a,en y ,. a* or 

0-20% of the radicals R„ Hz, «a anu ru. 



cyanoalkyl: and 
(c) 



— " * • — rr r: 0 r r c r v. 

each X 2 . independently of the others, m -NHCO-. 

.NHCOO- or OCONH-; {a) {b)< ^ (c) in Q, that 

segment (a) or (b) attached tot 

43 a„ ophthaimic iens °< ciaim «. wherein sad iens is a contact ians. 
segment of formula (I) 



-a— Z— b— p) 



d 



in which 

#ar» a polysiloxane segment 

^.a^iyoi segment which cornainsa.ieast.C.onts. 
Z is a segment (c) or a group X„ 

(C ) is defined as XrR-Xs. wherein at(jms an(j 

group. 

X, is defined as X* and 

(d) is a radical of the formula (II): 

Xa-L-OO.-P, 
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carbonyl group; 

k u 'r a ;x d a *** — * » 20 ° a, ° ms oi an ° ,9an,c compound 

45 . An ophmawic lens o. * 44 which is a contact lens. 

. ,.- m i wherein said polymeric material comprises a polymer. 



1 



Rioo-^ OR 2-^ i -t 0 ? i T R30R4 "" R: 



*8 



^200 



wherein R 1£ » and R« are defined as follows: 

RlOO- 



Ra»: 



0 

II 



OCN ^ — 0 C 



'12 



:CH, 



H 

£ Z 1 and independent o, one another, are 

R,andBnarealkylene.and 

r,„ and R,, are methyl or hydrogen. 

weight, composes: ^^ontaining macromer o. the formula: 

(a) about 45 to about 65 percent oi 
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R100— R^Ra— Si— osi-r-R 3 ° R 4— R 2M 



w ■„ q and R«o are defined as follows: 
wherein R100 anu n20 ° 

Rioo- 



R200' 



?10 0 



-0 R9 NCO 

H 



O ft R 12 

— ocn — R-i r~° — c— C= 

I 

H 



:CH, 



Aorp _ is an integer from about 5 to about 500, 
TZ Z and R. independent of one another, are lower ^ene, 
r! ^ R, and R, independently of one another, are alkyi. 
R 8 and R,,are alkylene.and 
R 10 and R, 2 are methyl or hydrogen; 
(b) about 5 to about 25 percent TRIS; and 
{c) about 20 to about 40 percent ionoperm monomer 

48 ah ophthalmic lens of claim 47 which is a contact lens. 

hours, including normal sleep periods, .ess 

hours, including normal sleep penods. less than about 

. . 51 wher ein said lens produces, after wear of about 24 

least 24 hours. 
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• nf c .a,m 53 wherein said pencd of extended contmuous contact » 
54 An ophthalmic lens of claim 53. wn 



at least 4 days 



, , nso «c. ai m M serein said period o.e» e ^ centos comae, 
55 An ophthalmic lens of claim o*. 



at least 7 days. 



, , c lens of claim 55. wherein said period o. extended continuous contact is 
56 An ophthalmic lens of claim w. 



at least 14 days, 



57 . Anophthalmia,.^. d ,n,d ot amended —s con»ct is 



at least 30 days 



, lai mi whereinsaid. e nshasatensi.emodulusof3MPaor 

58. An ophthalmic lens of claim i . wherem 
less. 

, Jaim 1 wherein said lens has a short relaxation *me constant of 

59. An ophthalmic lens of clam 1. wherein 
greater than about 3.5 seconds. 

♦ .aim 59 wherein said lens has an lonoton Ion Permeability 
so An ophthalmic lens of daim 59, wherem 

, , m59 wherein said tons has an ionotoc Dillon Coefficent 

61 An ophthalmic lens of claim 59. wt>«»" 
o, greater than about 2.6x10' mm m*. 

■ <k « has a Hvdrodell Water Permeability 

62 An ophthalmic lens rf » «• *f ^ * 
6 ^,en,o. g rea,erthanabou,0,x10^ m /s«. 

0.25 at about 10 Hz. 

• j lon<; has a n lonoton Ion Permeability 

Coefficient o. greater than ^ ^ about M sec0 „ds. 
. short relaxation time constant cheater 
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„. w op^m* >ens o, d» • *»» , surtac , 
- .„ oDhtfialmically compare surface wn 

^ d period c. extended °— ^.«y Co.ffic.en. o« 9 ,ea.« **" " 

said lens Technique. 

„ o^dlenscomprsesaeotepo^enc^' 
» w - - r^'^ch ,s a hydropr* surface, -* 

and an «*h***y „„. 

- 



said lens has an eq TeC hnique. 

2" — ~-— ^^a, 

a ndanophthalm,ca.lyc»mpa ^ 



WO 96/3H92 



- 113 - 



PCT/EP96/01265 



u h h.i. water Permeability Coefficient of greater than about 0.2 

^rJ^^-^ w -^-- , * , ■ ,,,,,^ " ,, " 

„„< a «rp with the Bulk Technique, 
salens is an extended-wear contact lens. 

, ,. m to wherein said period ot extended wear is at least 24 
71. An ophthalmic lens of claim 70, wnerein sai v 

hours. 

. ,^,71 wherein said lens produces, after wear ot about 24 
7 , Anoph^m^so^-^^^^^^, 

hours, including normal sleep penw 

. . aim 72 wherein said lens produces, after wear of about 24 
7 , An ophth,mic *. o £m ^ afaout ^ comea| 
hours, including normal sleep penoa 

* urn 73 wherein said lens produces, after wear of about 24 

74. Anophtha,m^ 
hours, including normal sleep penoa 

(1 . m71 wh erein said extended period of wear is at »east 4 

75 . An ophthalmic lens of daim 71 . where.n 

days. 

* ririm 75 wherein said extended period of wear is at least 7 

76. An ophthalmic lens of cla.m 75. wne 



days. 
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78 An op-^c « 0- d- 77. — « - « ~ "» °' — 7 

80 . wopt , th a l n,, te nso ( c^70.^. i nsa M p^o I .^wea riS a, 1 ea S .U 

days. 

days. 

8 , A „op^ m iclenso,= 1 a im 70.w hW e i ns,dox yg enpe^ W — «» 

barrers/mm. 

33.^,0^ ienso.^TO.^ns.d.e.^a.ens.^uson.SMPao, 
less. 

84 . Anop ^c 1 .nso,^70.^n^ te n S — - — 
of greater than about 3.5 seconds. 

0 25 at about 10 Hz. 

86 ^ o ^ 1 en S oU, m 70.^ f ^,ns h as. nl ono t oo to nPe— 
Coefficiantofatlwstaboutoixio'cn,^. 

o( g„ ! ate.thanat»ut1.S*loW/n*. 

»^«--»'TX"" , "' H, * -,,,,,, " N— 
MKM1 Sherman .»cu.O. 2 x10 cm/sac. 
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and ,3, o*y 9 en P-"-f <" ' - T 1*. time o« *~> man a»ut 

j.o sew least 4 (jays 

c at least 4 days 

and said o*,gan penality P* - * „ me constant o. g«a<« man abort 

rrr--:~~^"~-' 

0 2xl0" $ cm 2 /sec. 

at least one oxy^P^^'^ 
M a, M on. ionopem- P*"*** |n an amou „t sunlciont to maintain corneal 

^r^- , ^-■ u, -- ,,,-,- 

"ILe and ocuUr W*. and — — - "» » — 

serein sa*> «. allows ion p-«-» Mtmed ^ weare , c=n« 

on me *. -* « h e Cn^. continuous contact «. ocular t«sue and 

ac cep«bledunn9apenodotextena 
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period of at least 24 hours. 

94 a metmod o. claim 93. MMr including me steps ot 
% removing said lens from me ocular env,ronmen<. 
w ^".acting or c^^- eB:and 

second period of at least 24 hours. 

least 4 days, 
least 7 days. 

1M .A m e lJl odo l .a, m98 .wh W . i n S a W ----^^^ Sa ' ea, 
least 14 days. 

...Arn.^ofc^-.wh.re^d^ands.ond^atecon.acp.-afe., 
least 30 days. 

, , - m 93 wherein said lens produces, after wear of about 24 

zzzzzzz- 

, claim 103 wherein said lens produces, after wear of about 24 
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, , m 1 04 where.n sa,d lens produces, after wear of about 24 

105 . An ophthalm,c .ens of Ca.m • - ^ ^ 
n0U rs. .nclud,ng normal sleep penods. less than 

, , mQ3 wherem said lens produces, after wear of about 7 

106 . An oph tn a , m ic - --^an .out ,«* corneal swe.Hn, 
days, including normal sleep peno 

, ^otdaimloe.whereinsaidl.nspr^ces.alterwearofaboutT 

107 . Anopnmalm,clensotda, m l 7% Mrneal swetling. 

days, including normal s '"" pen0<1S ' **' 

, , m i07 wherein said lens produces. afterwea, of about 7 
, 08 . A„ ophthalmic tens of da,m 107 W ^ 

day s including normal sleep pen***. «•»" • boul 

109 Am e»odofform,ngabiocompa«b 

^peleabil*, - "ettod coming the * 

„«„ said core material. MrmMtjon m m amount surfident to maintain corneal 

M said lens ^ ^nded. census contact «u*r 

health and wearer comfort dunna a penoo 

.ssue and ocular fluids, and ^ „ enable „. lens lo move 

hereby said lens allows «. pe~ " ^ wearer comfort ,s 

on the e,e such tha, M „ a ct with o^lar *ssue and oou,ar 

acceptable during a penod of extenaeo. 

fluids. 

least 70 barTers/mm. 
least 87 barrers/mm. 



WO 96/31792 



-118- 



pCn£P9*A)l26i 



ei ,*n S has an lonoton Ion Permeability Coefficient 

of at .east about 0.3 xl0^cm 2 /sec. 

• , ns of claim 109, wherein said lens has an lonoflux Dtfusion 
115 An ophthalmic lens of claim lvra, 
^ tfi l, 0)8 rea,^ana MU ,1.Sx,0^/™.n. 

■ ,.„ s o. claim 109. serein said lens has a Hydrod.ll Water 
^o.c^-.w-einsa.su.ace^co^espias.a^sa. 

p ) a.leas.on.o W «rms.gn»nU»d 

M a, least one ionoperm ,„ amount sufficient to maimain corneal 

healtn and wearer comfort dunng ape 

•issue and ocular fluids, and ^ cient ,„ enable the lens 

Xein said lens allows " - ^^Is — Harmed and wearer^ 

is acceptable dunng a penoao 



fluids. 
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> ,.ns of claim 1 20, wherein sa.d ophthalmic lens has an oxygen 
-.21 An ophthalmic lens of claim 
^sm.ssibi.rty of at least about 70 barrers/mm. 

, , of claim 1 21 wherein said ophthalmic lens has an oxygen 
1 22 An ophthalmic lens of claim itu 

. , - m i52 wherein said ophthalmic lens has an oxygen 
, 2 3.Anoph*aimiclensofcla,mi22.«nene 

uansmissibiWo. a, leas, about 87 barrers/mm. 

. , „1M wherein said lens has an lonoton Ion Permeability 
124 . * ophthalmic Kns of cla,m 120. wherein 
C^cientofgreaterthanaboulO^xlO em Me. 

^.n.o.greater^aboatl.S.IO^mW 

. , mi50 wherein said lens has a Hydrodell Water 
,26 An ophthalmic lens of claim 120. wherein sa 
Pern^bX C^en, o, greater than ato* 0.2 * 10 cm ,sec. 
127AmeW odo f screen,, anoph.almie ,ens,r «as an e^-wea,-. said 

said lens; . „ a ^on of the ion or water permeability 

(C ) testing the lens to determ>ne a factor wh.ch,s 

of said lens; and extended . wear lens if said oxygen transmission factor and 

(d) selecting said lens as an extended w mined Bmte which are 

l-d water or ion permed factor ~^J£L ^ when m le ns is in intimate 

establ ished to ensure 

contact with a human eye for a penod 

, Qfdaiml27 wherein said ion permeability factor is the .onoton 

128. A screening method of cla.m 127. wn 
Ion Permeability Coefficient 

fh d 0 , Caim 128, wherein said lonoton ion Pe— Coefficient . 

129 . A screening method of cla.m i 
gre ater than about 0.3x10^ cm /sec. 
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fhod of claim 127 wherein sa.d ,on permea^ factor is the .onoriux 
13 0. A screening method of claim Mt. w 

Diffusion Coefficient. 

gre a.er than about 2.6 >.oV» 

1 3 2AS c^n 9m ^o ( c, ml2 ,w^sa, a wa tW pe™.« e con S .. 
Hydrodell Water Permeability Coetftaent- 

Efficient is greateretan about 0.3*10'om /sec. 

and the limit is 70 barrers/mm. 

« A ^.~--«■^-~'' , ■^ , "■ ,,, ' ,, "' 

and the limit is 70 barrers/mm. 
and the limit is 70 barrers/mm. 



T 

T 



I . „ H 

H 

O o 



rv 



3iO-+-Sf 



wherein: 
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r and R 2 are selected from C-C alkyl. 
rRlB,,^B,a-ese l ec t e. ( -o m C,.C ! a,^, 

components. 

138 . A( ^.— — ^ 

(trimethylsiloxy)silane. 

139 A polymer of claim 137, comprising: 

~* -;«ht r^reent of said macromer; 
/ a \ 70 to 90 weight perceni a. 

J 6 to 20 weight percent o. said ««» monomer; 
J , to 5 weight percent hydropMic monomer; and 
(d) o,o 2 weight percent cross-linking ag.nl 

.O.^erotaaim^comphsinga^tOtoa^SOweightpercentwater, 
u , Ap o, m ero ( c.m,0.wh.rein 5 ai d wa,ercon,en„..^a^30we i gh, 

percent. 

# ,- ml41 wh ereinsaidwatercontentisabout15toa b out22weight 
142. A polymer of claim 141 , wnere.n 
percent. 

nnacromer. 
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i r. a ,m 139 comprising about 12 to 15 weight percent 
14 4 a polymer of claim 139. comw 

m ema= I ylcxypropyn-is(«nme,hylsilcx,)s i lane^ 

14 , Ap oiy—,3, V*-*^-*—"*** 

hydroxyethyl metnacrylate. 

hydroxyethyl mettiacrylate. 
dimethacrylate. 

dimethacrylate 

U9 . a poiymer o< cam 

total polymer weight 

151 A0O „«ad lW s,= Om pHs i n g «>epoWnw=.*i m i3T. 

o, about 10 to 30 weight percent 

153 . A contact lens, comprising me potymero. Cam 139. 

of about 10 to 30 weight percent. 
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156 A met hod of torm.ng a ™*-d po,ymer,c arVCe - 

coming me step* • * , dasocyanale comp< ,und ,n the 

(W contact sa,d , hefeby tofming a second mature; 

^-■-- ^, **-" ,,B,,,,, '" ^ ■ ,- " 

miXtUre: M »«H 



article. 



lens. 



, 5S . A meth* o, Cairn W «*» ^lt ptMrone di socyana,e in *. 
,,) contacting poWdimethytsao*ane) datanoi «* *>P 
rese nce of dibutymn dilaurate at condrtcns sufficient to cause 

„, contact,ng sa,d first mature wrnpo yt y 



forming a fifth mixture; 
„ piacing said fifth mixture into. moid, and 
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, , aDP ,yi„ 9 .ufftttt radiafon «o copolymers sad poly***"* ™ao™, TWS. 
a* E QOMA. mere* *m*, sad pdymenc m a,er* in,o a moided P-yn-* 



article. 
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